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I. INTRODUCTION 


GYMNOSPORANGIUM CLAVIPEs C. and P., commonly referred to as the 
quince rust fungus, was one of the earliest species of the genus to be 
defined in North America. Schweinitz (1832) described it from the 
aecial phase occurring on Crataegus sp. as Caeoma (Peridermium) 
germinale. Later, Cooke and Peck (1871) described the telial phase of 
a rust on Juniperus virginiana L. as Podisoma (Gymnosporangium) 
clavipes. It was not until 1886, however, that Thaxter (1887) demon- 
strated by means of controlled cultures that these were but two phases 
of the same organism. Throughout the literature both specific names 
have been used. Some authors have followed Kern (1911) in calling 
the species G. germinale (Schw.) Kern. But Sydow (1915), Arthur 
(1934) and other mycologists adhere to the International Rules of 
Nomenclature and so designate the species G. clavipes C. & P. 

The prevalence and destructiveness of the diseases caused by G. 
clavipes on ornamental pomaceous hosts and on many orchard varieties 
of apples, as well as on red cedars, have occasioned numerous inquiries 
regarding the pathogenicity and control of this rust. The information 
pertainable to these matters has been so meagre that comprehensive 
studies on the causal organism and the diseases produced by it were 
begun four years ago. The results obtained are presented in this paper. 
Certain phases of the investigations not yet completed are being 
continued. 


The main lines of my investigations are as follows: 


1. A determination by means of cultures and field observations of the 
pomaceous hosts of G. clavipes together with a discussion of their taxo- 
nomic position and geographic range. 


2. Similar determinations and discussions of the Juniperus hosts of 
G. clavipes. 


3. The symptomatology of the diseases caused by G. clavipes. 


4. A thorough examination of the life history of G. clavipes on poma- 
ceous and Juniperus hosts. 


5. The practicability of fungicidal and of eradicative control 
measures of the diseases caused by G. clavipes. 
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Il. THE POMACEOUS HOSTS OF GYMNOSPORANGIUM 
CLAVIPES C. AND P., THEIR TAXONOMIC POSITIONS 
AND THEIR GEOGRAPHIC RANGE 


Contributions to our knowledge of the pomaceous hosts of G. clavipes 
as determined by artificial cultures are due chiefly to the work of Thax- 
ter (1887), Arthur (1910, 1912), Thomas and Mills (1929) and Miller 
(1932). Numerous other investigators, by their field observations, have 
added several species to the list of pomaceous hosts. The total number 
previously reported is about thirty-six species in seven genera distributed 
as follows: Amelanchier (8), Aronia (3), Chaenomeles (1), Crataegus 
(20), Cydonia (1), Malus (2), Pyrus (1). 

In my own studies on the pomaceous hosts, 701 species and varieties 
in 15 genera were inoculated, following essentially the same procedure 
described in a previous article (1934). These genera and the number 
_ of species of each inoculated are —- Amelanchier (18), Amelosorbus 
(1), Aronia (4), Chaenomeles (2), Crataegomespilus (1), Crataegus 
(588), Cydonia (1), Malus (44), Photinia (1), Pyrus (19), Sorbaronia 
(1), Sorbopyrus (1), and Sorbus (17). One species of Comptonia and 
two of Myrica were also inoculated. From the results obtained the 
inoculated plants were placed in two groups. Those plants which de- 
veloped no evidence of infection were classed as immune; while those 
plants on which infection was evident were classed as susceptible. The 
number of hosts determined by artificial inoculations was augmented by 
field observations in the Arnold Arboretum, on private estates about 
Boston and from the reports of former investigators. 

The results showed that more than 480 species and varieties of poma- 
ceous plants (including 48 varieties of orchard apples) scattered among 
eleven genera are susceptible. These hosts are presented in table 1. 


TABLE I. POMACEOUS HOSTS OF GYMNOSPORANGIUM CLAVIPES 
COAND Pt 


Amelanchier alnifolia Nutt., A. Bartramiana Roem. (A. oligocarpa 
[Michx.] Roem:), A. Bartramiana X laevis, A. Bartramiana X oblongi- 
folia, A. canadensis Med., A. canadensis nana, A. erecta Blanch., A. 
florida Lindl., A. intermedia Spach., A. laevis Wieg., A. laevis X humilis, 
A. oblongifolia (Torr. and Gray) Roem., A. sanguinea DC., A. spicata 
K. Koch, A. stolonifera Wies. 

Amelosorbus Jackii Rehd. 


1For the taxonomy of the genus Crataegus; Palmer (1925) was used. Mr. Palmer 
has kindly checked the hosts of G. clavipes in the genus Crataegus against his revised 
but unpublished catalogue of Crataegi. For the taxonomy of the other genera, 
Rehder’s Manual (1927) vweas followed as far as possible. 
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Aronia arbutifolia (L.) Ell., A. floribunda Spach (A. arbutifolia atro- 
purpurea [Britt.] B. L. Robinson), A. melanocarpa Ell., A. melanocarpa 
elata Rehder, A. monstrosa Zabel. 

Chaenomeles japonica Lindl., C. lagenaria Koidz., C. lagenaria marmo- 
rata, C. lagenaria foliis rubris, C. lagenaria sanguinea semiplena. 

Crataegomes pilus baa i Bean. 

Crataegus 


ANOMALAE: C. affinis Sarg., C. asperifolia Sarg., C. Brockwayae 
Sarg., C. Coleae Sarg., C. cyclophylla Sarg., C. Dunbari Sarg., C. Eggle- 
_Stonii Sarg., C. e: ~ata Sarg., C. honesta Sarg., C. Ideae Sarg., C. impro- 
visa Sarg., C. misella Sarg., C. pinguis Sarg., C. putata Sarg., C. repul- 
sans Sarg., C. Saundersiana Sarg., C. scabrida Sarg., C. shirlevensis 
Sarg., C. urbana Sarg. 


CoccInEAE: C. acclivis Sarg., C. arcuata Ashe, C. assurgens Sarg., 
C. aulica Sarg., C. caesa Ashe, C. chippewaensis Sarg., C. confinis Sarg., 
C. conspecta Sarg., C. cristata Ashe, C. delecta Sarg., C. densiflora Sarg., 
C. elongata Sarg., C. fluviatilis Sarg., C. fretalis Sarg., C. Hillii Sarg., C. 
Holmesiana Ashe, C. Holmesiana tardipes Sarg., C. lenta Ashe, C. 
Macounii Sarg., C. miranda Sarg., C. neolondinensis Sarg., C. pedicellata 
Sarg., C. perrara Sarg., C. polita Sarg., C. Pringlei Sarg., C. pura Sarg., 
C. sejuncta Sarg.,'C. sertata Sarg., C. Thayeri Sarg., C. vivida Sarg. 


Crus-GALLi: C. arborea Beadle, C. arduennae Sarg., C. armata 
Sarg., C. attenuata Sarg., C. barrettiana Sarg., C. Bartramiana Sarg., 
C. bellica Sarg., C. calophylla Sarg., C. Canbyi Sarg., C. cerasina Sarg., 
C. crus-galli L., C. crus-galli arbutifolia Hort. ex Nicholson, C. crus-gatli 
exigua Sarg., .C. crus-galli pyracanthifolia Ait., C. crus-galli rubens Sarg., 
C. crus-galli splendens Ait., C. effulgens Sarg., C. erecta Sarg., C. Far- 

wellii Sarg., C. Fontanesiana (Spach) Steudel, C. geneseensis Sarg., C. 
_ insignis Sarg., C. Lavallei Herincq, C. lawrencensis Sarg., C. leptophylla 
Sarg., C. livoniana Sarg., C. macra Beadle, C. pachyphylla Sarg., C. 
Palmeri Sarg., C. parciflora Sarg., C. Pennypackeri Sarg., C. peoriensis 
Sarg., C. persimilis Sarg., C. phlebodia Sarg., C. Reverchonii Sarg., C. 
rivalis Sarg., C. robusta Sarg., C. rubrifolia Sarg., C. rudis Sarg., C. 
triumphalis Sarg. 

DiataTaeE: C. coccinoides Ashe, C. dilatata Sarg. 

DouctasIANAE: C. colorado’ Ashe, C. columbiana Howell, C. 
Douglasii Lindl., C. Douglasii {. badia Sarg., C. Douglasii Suksdor fi 
Sarg., C. erythropoda Ashe, C. Piperi Britt., C. rivularis Nutt. apud Torr. 
& Gray. 
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FravaAE: C. colonica Beadle, C. dispar Beadle, C. flava Ait., C. 
ignava Beadle. 

INTRICATAE: C. Delosii Sarg., C. flavida Sarg., C. modesta Sarg., 
C. nemoralis Sarg., C. neobushii Sarg., C. scabra Sarg., C. straminea | 
Beadle. 

MAcrRACANTHAE: C. admiranda Sarg., C. aquilonaris Sarg., C. 
ardua Sarg., C. baccata Sarg., C. Beckiana Sarg., C. bristolensis Sarg., 
C. calpodendron (Ehrh.) Med., C. Calvinii Sarg., C. chadfordiana Sarg., 
C. corporea Sarg., C. Deweyana Sarg., C. divida Sarg., C. Emersoniana 
Sarg., C. ferentaria Sarg., C. ferta Sarg., C. fertilis Sarg., C. finitima 
Sarg., C. flagrans Sarg., C. fulgens Sarg., C. gemmosa Sarg., C. glabrata 
Sarg., C. Handyae Sarg., C. hystricina Ashe, C. laxiflora Sarg., C. macra- 
cantha Lodd., C. membranacea Sarg., C. microsperma Sarg., C. missouri- 
ensis Ashe, C. neofluvialis Ashe, C. occidentalis Britt., C. ogdenburgensis 
Sarg., C. peramoena Sarg., C. prunifolia (Marsh.) Pers., C. radiosa Sarg., 
C. rhombifolia Sarg., C. Robinsonti Sarg., C. Searsii Sarg., C. spatiosa 
Sarg., C. spinulosa Sarg., C. structilis Ashe, C. succulenta Schrader, C. 
tomentosa L., C. truculenta Sarg., C. vegeta Sarg. 


MicrocarpaE: C. Phaenopyrum (L. f.) Med., C. spathulata Michx. 


Mottes: C. anomala Sarg., C. arnoldiana Sarg., C. champlainensis 
Sarg., C. contortifolia Sarg., C. digna Sarg., C. dispessa Ashe, C. Ell- 
wangeriana Sarg., C. exclusa Sarg., C. Fulleriana Sarg., C. induta Sarg., 
C. invisa Sarg., C. lanuginosa Sarg., C. lasiantha Sarg., C. lauta Sarg., 
C. limaria Sarg., C. mollis (Torr. & Gray) Scheele, C. nutans Sarg., C. 
pennsylvanica Ashe, C. peregrina Sarg., C. Robesoniana Sarg., C. sera 
Sarg., C. submollis Sarg.; C. Tatnalliana Sarg., C. urbica Sarg. 


OxyYACANTHAE: C. altaica Lange, C. kiemalis Lange, C. Heldreichii 
Boiss., C. intermedia, C. Maximowiczii Schneider, C. monogyna Jacq., 
C. monogyna albo-plena Schneider, C. monogyna inermis Rehd., C. 
monogyna laciniata Loud., C. monogyna pteridifolia Rehd., C. mono- 
gyna spectabilis, C. monogyna stricta Loud., C. monogyna versicolor, 
C. Oxyacantha L., C. Oxyacantha Gireoudi Bean, C. Oxyacantha alba 
West., C. Oxyacantha rubra Schneider, C. pinnatifida Bunge, C. sorbi- 
folia Lange, C. Wilsonii Sarg. 


PRUINOSAE: C. arcana Beadle, C. aridula Sarg., C. aspera Sarg., C. 
austera Sarg., C. beata Sarg., C. bellula Sarg., C. brachypoda Sarg., 
 C. bracteata Sarg., C. cestrica Sarg., C. cognata Sarg., C. comparata 
Sarg., C. confragosa Sarg., C. delawarensis Sarg., C. disjuncta Sarg., 
C. dissona Sarg., C. divisifolia Sarg., C. Ferrissii Ashe, C. formosa Sarg., 
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C. fusca Sarg., C. georgiana Sarg., C. glareosa Ashe, C. horridula Sarg., 
C. incisa Sarg., C. Jesupii Sarg., C. Kellermanii Sarg., C. latifrons Sarg., 
C. levis Sarg., C. macrocalyx Sarg., C. numerosa Sarg., C. patrum Sarg., 
C. pequotorum Sarg., C. perampla Sarg., C. perjucunda Sarg., C. phila- 
delphica Sarg., C. platycarpa Sarg., C. pruinosa (Wendl.) K. Koch, C. 
pulchra Sarg., C. relicta Sarg., C. remota Sarg., C. rubicundula Sarg., 
C. sicca Sarg., C. tribulosa Sarg. 


PRUNIFOLIAE: C. decorata Sarg. 


PunctTaTAE: C. amnicola Beadle, C. angustata Sarg., C. barbara 
Sarg., C. Brownietta Sarg., C. calvescens Sarg., C. celsa Sarg., C. com- 
pacta Sarg., C. desueta Sarg., C. florifera Sarg., C. glabrifolia Sarg., 
C. incaedua Sarg., C. Lettermanii Sarg., C. notabilis Sarg., C. pausiaca 
Ashe, C: porrecta Ashe, C. praestans Sarg., C. pratensis Sarg., C. punc- 
tata Jacq., C. punctata aurea Ait., C. punctata canescens Britt., C. rigens 
Beadle, C. suborbiculata Sarg., C. succincta Sarg., C. tenax Ashe, C. 
verruculosa Sarg. 


RotunpiFoLiaE: C. Bicknellii Eggl., C. Blanchardii Sarg., C. 
Brainerdii Sarg., C. Brunetiana Sarg., C. chrysocarpa Ashe, C. coccinata 
Sarg., C. cupilifera Sarg., C. Dodgei Ashe, C. inaudita Sarg., C. Jonesae 
Sarg., C. Kennedyi Sarg., C. kingstonensis Sarg., C. maligna Sarg., C. 
Margaretta Ashe, C. Margaretta xanthocarpa Sarg., C. Maribella Sarg., 
C. Oakesiana Eggl., C. praecoqua Sarg., C. Proctoriana Sarg., C. propria 
Sarg., C. rotundata Sarg., C. rotundifolia Moench, C. rotundifolia pubera 
Sarg., C. rotundifolia {. rubescens Sarg., C. varians Sarg., C. Websteri 
Sarg. 


SILvicoLaE: C. allecta Sarg., C. Barryana Sarg., C. blairensis Sarg., 
C. compta Sarg., C. delectata Sarg., C. diffusa Sarg., C. dissona Sarg., 
C. effera Sarg., C. filipes Ashe, C. foliata Sarg., C. Fretzti Sarg., C. ira- 
cunda Beadle, C. iterata Sarg., C. Livingstoniana Sarg., C. luxuriosa 
Sarg., C. medioxima Sarg., C. opulens Sarg., C. promissa Sarg., C. prona 
Ashe, C. radina Sarg., C. recordabilis Sarg., C. ruricola Sarg., C. stoloni- 
fera Sarg., C. strigosa Sarg., C. tortuosa Sarg., C. xanthocarpa Sarg. 


TENUIFOLIAE: C. acuminata Sarg., C. acutiloba Sarg., C. alnorum 
Sarg., C. apiomorpha Sarg., C. ascendens Sarg., C. asperata Sarg., C. 
bella Sarg., C. benigna Sarg., C. blandita Sarg., C. Boothiana Sarg., 
C. colorata Sarg., C. conferta Sarg., C. crudelis Sarg., C. cyanophylla 
Sarg., C. Damei Sarg., C. delucida Sarg., C. demissa Sarg., C. Edsoni 
Sarg., C. Eganii Ashe, C. firma Sarg., C. flabellata (Bosc.) K. Koch, 
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C. florea Sarg., C. Forbesae Sarg., C. fucosa Sarg., C. genialis Sarg., C. 
glaucophylla Sarg.. C. gracilipes Sarg., C. Gruberi Ashe, C. Habereri 
Sarg., C. Hadleyana Sarg., C. heidelburgensis Sarg., C. insolita Sarg., 
C. leptopoda Sarg., C. lucorum Sarg., C. luminosa Sarg., C. macrosperma 
Ashe, C. marcida Ashe, C. matura Sarg., C. media Sarg., C. merita Sarg., 
C. miniata Ashe, C. modica Sarg., C. monstrata Sarg., C. Napaea Sarg., 
C. nescia Sarg., C. otiosa Ashe, C. Paddockeae Sarg., C. Paineana Sarg., 
C. pallidula Sarg., C. parviflora Sarg., C. pastorum Sarg., C. paucispina 
Sarg., C. pentandra Sarg., C. perlevis Ashe, C. populnea Ashe, C. pumila 
Sarg., C. retrusa Ashe, C. roanensis Ashe, C. rubicunda Sarg., C. rubro- 
carnea Sarg., C. rufipes Ashe, C. sarniensis Sarg., C. serena Sarg., C. sex- 
tilis Sarg., C. Slavini Sarg., C. Streeterae Sarg., C. suavis Sarg., C. 
taetrica Sarg., C. tarda Sarg., C. tenella Sarg., C. tenera Sarg., C. tenui- 
loba Sarg., C, trachyphylla Sarg., C. viridimontana Sarg., C. vittata Ashe. 

TRIFLORAE: C. conjungens Sarg. 

UntIFLoréeE: C. uniflora Moench. 

Viripes: C. abbreviata Sarg., C. blanda Sarg., C. penita Beadle, 
C. velutina Sarg., C. viridis L., C. vulsa Beadle. 

Cydonia oblonga Mill. 

Malus angustifolia Michx., M. floribunda Sieb., M. ioensis plena 
Rehd., M. pumila Mill., M. spectabilis Borkh., M. sylvestris Mill. 

Photinia villosa DC. 

Pyrus communis L., P. sinensis Lindl. 

Sorbus americana Marsh, S. dumosa Greene. 


A complete enumeration of all species and varieties of inoculated 
plants on which the results were negative is as follows: 

Amelanchier amabilis Wieg., A. asiatica Endl., A. grandiflora Rehd., 
A. humilis Wieg., A. humilis * sanguinea, A. ovalis Med., A. sera Ashe. 

Malus arnoldiana Sarg., M. asiatica Nakai, M. atrosanguinea Schneid., 
M., baccata Borkh., M. baccata costata Hort., M. baccata gracilis Rehd., 
M. baccata Jackti Rehd., M. baccata mandshurica Schneid., M. baccata 
microcarpa Regel., M. baccata pendula Hort., M. brevipes Rehd., M. 
flexilis Hort., M. florentina Schneid., M. Halliana Parkmanii 
Rehd., M. Halliana spontanea Rehd., M. Hartwigii Koehne, M. hona- 
nensis Rehd., M. hupehensis Rehd., M. kansuensis Schneid., M. spec. 
(Pyrus Malus laurifolia Gibbs), M. spec. (Pyrus Lemoinei Hort.), M. 
magdeburgensis Schoch, M. micromalus Mak., M. orthocarpa Lavall., 
.M. Prattij Schneid., M. pumila Niedzwetzkyana Schneid., M. purpurea 
Rehd., M. purpurea aldenhamensis Rehd., M. purpurea Eleyi Rehd., 
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M. robusta persicifolia Rehd., M. Sargenti Rehd., M. Scheideckeri 
Zabel, M. Scheideckeri “Excellenz Thiel,’ M. sikkimensis Koehne, M. 
spectabilis Riversii Nash, M. sublobata Rehd., M. toringoides Hughes, 
M. trilobata Schneid., M. Tschonoskii Schneid., M. yunnanensis 
Schneid., M. yunnanensis Veitchii Rehd., M. zumi Rehd., M. zumi calo- 
carpa Rehd. 

Pyrus amygdaliformis Vill., P. Balansae Decne., P. betulifolia Bge., 
P. Bretschneideri Rehd., P. denticulata Hort. Angl. ex Dum.-Cours., 
P. elaeagrifolia Pall., P. Korshinskyi Litv., P. Lindleyi Rehd., P. longipes 
Coss. & Dur., P. Michauxii Bosc., P. nivalis Jacq., P. pashia Buch.-Ham., 
P. phaeocarpa Rehd., P. salvifolia DC., P. serotina Rehd., P. serrulata 
Rehd., P. syriaca Boiss., P. ussuriensis Maxim. 

Sorbaronia alpina superaria, S. spec. 

Sorbopyrus auricularis bulbiformis Schneid. 

Sorbus Aria Crantz, S. arnoldiana Rehd., S. Aucuparia L., S. com- 
mixta Hedl., S. discolor Hedl., S. kybrida L., S. intermedia Pers., S. 
japonica calocarpa Rehd., S. Matsumurana Koehne, S. Meini- 
chii Hedl., S. pohuashanensis Hedl., S. rotundifolia Hedl., S. subpinnata 
Hedl., S. thuringiaca Fritsch (S. decurrens Hedl.). 


Other plants inoculated were Comptonia asplenifolia Ait., Myrica 
carolinensis Mill. and M. Gale L. 


In addition to the pomaceous hosts just reported, several varieties of 
orchard apples have been found by former investigators to be susceptible. 
A compilation of these is presented in table 2. Mills (1929) gives the 
following account of the occurrence of G. clavipes on orchard apples in 
New York: “Counts in 14 orchards in 4 counties showed fruit infection 
on Delicious (3 counts) 60 per cent; Fameuse (1 count) 21 per cent; 
_ Hubbardston (1 count) 28 per cent; McIntosh (15 counts) 18 per cent 
average; Winesap (2 counts) 74 per cent; Yellow Transparent (1 count) 
84 per cent. Specimens were from 6 or 7 counties. Not found on foliage 
or twigs.” This account and the fact that many other varieties of 
orchard apples are susceptible serve to stress the economic importance 
of G. clavipes to orchardists. In several orchards visited in Massachu- 
setts the disease caused by G. clavipes was found to be particularly abun- 
dant on the Delicious variety. As high as 90 per cent of the fruits were 
attacked. This disease, one of the most severe on the Delicious apple, 
is of much concern to orchardists because this variety is being grown in 
greater quantities to meet the steadily increasing demands for it on the 
market. 
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TABLE II. THE RELATIVE SUSCEPTIBILITY OF ORCHARD APPLES 


Variety 


Alexander 
Baldwin 
Bechtel’s Crab 
Bellflower 

Ben Davis 
Bishop | 

Black Twig 
Cortland 
Crimson Beauty 
Delicious 


Duchess 

Early Red McIntosh 
Fameuse 

Family 

Gideon 

Golden Delicious 
Gravenstein 
Grimes 
Hubbardston 
Jonathan 

King David 
Maiden Blush 
McIntosh 
Northern Spy 


Northwestern Greening 


Red Delicious 
Red Winesap 
R. I. Greening 
Ribston 
Rome 
Roxbury | 
Russett 

Stark 
Starkey 
Starking 
Stayman 


TO G. CLAVIPES 


Susceptible 


Nay 

Ind. jeMies Ne ¥.;.N. Sz 
Mass. 

Me. 

IN; Xe 

INES: 

Va., W. Va. 

Me., N. Y. 

INS 5 

Ind., Me., Mass., N. Y., 
Tenn., Va., W. Va. 
Me., N. Y. 

Me. 

Ihs Sas INS 

N.S: 

Ind. 

Me. 

Me., N. Y., N. S. 
Ind., Tenn. 

Ne Ye 

Ind., Me., N. Y. 
Ind. 


Me., N. Y., N.S. 
Nee 

indy NEWYe 

Me., N. Y., Tenn. 
Tenn. 

NE VEINS: 


‘N.S. 
Md., N. Y., Tenn., Vt., Va. 


Nios 

ING YS ENC. 
IND SS 

Me., N. S. 
Me. 


. Ind., N. Y., Tenn., Va., W. Va. 


Immune 


Ind. 


Tenn. 


Ind. 


Ind. 
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TABLE II, (Continued) 


Variety Susceptible Immune 
Stayman Winesap Tenn. 
Sweet Winesap IN Y 
Tolman Me., N. Y. 
Tompkin’s King Nes. 
Twenty Ounce Me., Mass., N. Y. 
Wagener Me., N.S. 
Wealthy Ind., Mass., Me., N. Y., Tenn. 
Winesap Ind., Me., N. Y., Tenn., Vt., 
Va., W. Va. 
Winter Banana Ind., Me., N. Y. 
Wolf River IN Se 
Yellow Bellflower ING Sg 
Yellow Transparent Md., N. Y., Tenn., N.S. Va. 
York — Va. 


The species and genera of pomaceous hosts recorded above show no 
simple relationship or correlation by which one can formulate a rule to 
encompass them and set them apart from related non-susceptible plants. 
Nevertheless, they possess several distinctive features chiefly with respect 
to their taxonomy and their geographic range. Pomaceous hosts of 
G. clavipes are found in eleven genera. So far as I am able to learn no 
other species of Gymnosporangium is known to have hosts in so large a 
range of genera. All of the host genera of G. clavipes are closely related, 
however, and confined within the family Rosaceae. The native geo- 
graphic range of these hosts is more extensive than for those of any 
other species of Gymnosporangium known to me. Pomaceous hosts of 
G. clavipes are found throughout the whole of the temperate portion of 
the northern hemisphere. 

One of the most outstanding of the introduced foreign host species to 
become parasitised is Cydonia oblonga, the quince. This plant is native 
over the greater portion of Asia but has been introduced into North 
America over a portion only of the range of the rust. In the genus 
Chaenomeles, also native to Asia, two of the three species listed in 
Rehder’s Manual are attacked. Several varieties and forms of the Japa- 
nese quince (Chaenomeles spp.) are also parasitised. One European and 
one Asiatic species of the genus Pyrus are attacked, while all other species 
(Eurasian) have so far proved to be immune. Some native and some 
foreign species of Malus as. well as many orchard varieties of apples are 


1935] CROWELL, GYMNOSPORANGIUM CLAVIPES 377 


hosts to G. clavipes. In the genus Sorbus the two North American 
species are susceptible while all of the foreign ones inoculated remained 
immune. The hybrid genus Amelosorbus has but one species susceptible 
to G. clavipes. All of the species of the genus Aronia, native to North 
America, are hosts. With the exception of three or four species the genus 
Amelanchier, as represented in North America, is attacked by G. clavipes. 
A single species of the genus Photinia, the Eurasian species P. villosa, is 
liable to infection. 


100 


caracanthae 
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Figure 1. Data on Species and Varieties in Groups of the Genus 
Crataegus Susceptible to Attack by Gymnosporangium clavipes C. and P. 


The susceptibility of each group of the genus Crataegus is presented as 
a graph in figure 1. The data for this graph were obtained by determin- 
ing the percentage relationship between the number of species and vari- 
eties tested and the number that proved to be susceptible. While little 
significance can be attached to the results obtained from groups with a 
small number of species and varieties, nevertheless, reliable deductions 
can be made from those with large numbers as well as from the genus as 
a whole. 

Susceptible species were found in all groups except the Bracteatae. 
Unfortunately this group was represented in the Arnold Arboretum by 
but a single tree. In these investigations, 79 per cent of the species that 
produced fruit when the tests were made proved to be susceptible. Many 
species and varieties have not yet been tested, either because they were 
not available or because they did not produce fruits in the years of my 
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investigations. Therefore, the host list is far from complete. All of the 
foreign species and varieties available for testing (placed in the group 
Oxyacanthae) proved to be susceptible. Of the native Crataegi, the 
percentage of species susceptible in the several groups varied widely. In 
some groups, for example, the Anomalae and Douglasianae, all of the 
species and varieties tested were susceptible while in other groups, for 
example, the Molles, Virides and Flavae, the percentage of susceptible 
members was less, It is interesting to note that the relative susceptibility 
of species and varieties and of the groups of the genus is not the same 
for hosts of G. clavipes as MacLachlan (1935) found for hosts of G. 
globosum, though hosts for both of these fungi were in most cases deter- 
mined from the same individual trees. 


III. PRELIMINARY STUDIES ON THE PERIOD OF 
SUSCEPTIBILITY OF POMACEOUS HOSTS 
OF GYMNOSPORANGIUM CLAVIPES 


It has been shown by several investigators that the leaves of poma- 
ceous hosts of certain species of Gymnosporangium are susceptible during 
a limited period in their youth only. This interim is known as the period 
of susceptibility. Thomas (1933) showed that leaves of Crataegus spp. 
were susceptible in their youth only to the attack of G. clavipes. My pre- 
liminary investigations, with respect to this phenomenon on fruits of 
pomaceous hosts of G. clavipes, also indicate that their period of suscep- 
tibility is brief. In this connection inoculations were made every two 
days for a period of four weeks on different fruit clusters of two species 
of Crataegus, C. tomentosa and C. fertilis. Experimentation began when 
the flower buds of each species were opening. On C. tomentosa the 
ovaries, calyces, petals, pedicels, peduncles and twigs were attacked 
before the flowers opened. All but the ovaries and young fruit became 

‘immune within ten days. The fruits became decreasingly susceptible 
and by the time the petals fell they could no longer be infected. On C. 
fertilis, the young fruits only became infected. The flowers were immune 
up to the time the buds were opening and the petals began to expand; 
they then entered a brief period of susceptibility extending until the time 
when the petals began to fall, after which they again became immune. 

A measure of susceptibility of the hosts of G. clavipes is here suggested. 
Those hosts that are susceptible for a longer period may be considered 
to be more susceptible than those that can be infected for a shorter 
period. No consistent difference was observed with respect to the 
abundance of aecia produced on susceptible as compared with resistant 
hosts. 

The possibility of any relationship between pamuaily and fertilization 
was not investigated. 
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IV. THE JUNIPERUS HOSTS OF GYMNOSPORANGIUM 
CLAVIPES C. AND P., THEIR TAXONOMIC POSITIONS 
AND THEIR GEOGRAPHIC RANGE 


Cultural studies for the purpose of determining the Juniperus hosts of 
G. clavipes have been very limited indeed. Arthur (1912) cultured G. 
clavipes on J. communis depressa Pursh (J. sibirica Burgsd.) and Dodge 
(1918) obtained heavy infection from sowing aeciospores of G. clavipes 
on J. virginiana L. Several other investigators have substantiated these 
reports and added other hosts from their field observations. In my own 
work I have repeatedly cultured this rust on the red cedar, J. virginiana 
L. The technique for this work followed essentially the same procedure 
as for culture work on pomaceous plants. A complete enumeration (to 
1934) of the Juniperus hosts of G. clavipes together with data on their 
taxonomic position, as given by Rehder (1927), and their geographic 
range are presented in table 3. I have examined the rust on all of these 
species and varieties. 


TABLE III. JUNIPERUS HOSTS OF G. CLAVIPES 


Juniperus hosts doelders eb 
J. communis L. Oxycedrus North Amer., Eurasia 
var. depressa Pursh. = g # > 
var. hibernica Gord. os Europe 
var. montana Ait. a North Amer., Eurasia 
J. horizontalis Moench Sabina s % 
facabina, 1. S Europe 
J. scopulorum Sarg. i Western North Amer. 
J. virginiana L. S Eastern North Amer. 


In 1933 each individual cedar in the collections at the Arnold Arbore- 
tum of Harvard University was examined for infection and the species 
and varieties were recorded in immune and susceptible groups. The 
species and varieties of Juniperus on which no infection was observed 
are as follows: is 

Juniperus chinensis L., J. chinensis globosa Hornibrook, J. chinensis 
japonica Lav., J. chinensis mas Gord., J. chinensis pendula Franch., J. 
chinensis Pfitzeriana Spaeth, J. chinensis plumosa Hornibrook, J. chi- 
nensis plumosa aurea Hornibrook, J. chinensis pyramidalis Beiss., J. 
chinensis Sargentii Rehd., J. chinensis Watereri Hort., J. communis 
Ashfordii Hort., J. communis aurea Nichols., J. communis aureo-spica 
Rehd., J. communis compressa Carr., J. communis cracovica Hort., J. 
communis oblongo-pendula Sudw., J. communis oblonga Loud., J. com- 
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munis pyramidalis Hort., J. communis suecica Ait., J. conferta Parl., 
J. formosana Hayata, J. horizontalis alpina Rehd., J. horizontalis Doug- 
lasti Rehd., J. horizontalis glomerata Rehd., J. horizontalis plumosa 
Rehd., J. horizontalis variegata Hort., J. procumbens Sieb., J. rigida Sieb. 
& Zucc., J. Sabina cupressifolia Ait., J. Sabina pyramidalis Hort., J. 
Sabina tamariscifolia Ait., J. Sabina variegata Carr., J. scopulorum hori- 
zontalis D. Hill, J. scopulorum viridifolia Hort., J. squamata Buch.- 
Ham., J. squamata Fargesii Rehd. & Wils., J. sgquamata Meyeri Rehd., 
J. squamata Wilsonit Rehd., J. virginiana aurea Hort., J. virginiana 
Burkii, J. virginiana Canaertii Senecl., J. virginiana Chamberlaynii Carr., 
J. virginiana cinerascens Hort., J. virginiana elegantissima Hochst., J. vir- 
giniana fastigiata Hort., J. virginiana filifera D. Hill, J. virginiana glauca 
Carr., J. virginiana globosa Beiss., J. virginiana Hillii Hort., J. virginiana 
Kosteri Beiss., J. virginiana pendula Carr., J. virginiana polymorpha 
Hort., J. virginiana pyramidalis Carr., J. virginiana pyramidalis glauca 
Hort., J. virginiana plumosa Rehd., J. virginiana reptans Beiss., J. 
virginiana Schottii Gord., J. virginiana tripartita R. Smith and J. vir- 
giniana venusta Rehd. 

Usually the Juniperus hosts of species of Gymnosporangium are con- 
fined to a single section of the genus. Those of G. clavipes are excep- 
tional in that they are classified in two sections of the genus, Sabina and 
Oxycedrus. Geographically the Juniperus hosts of G. clavipes are found 
throughout the greater portion of the temperate region of the northern 
hemisphere, an unusually wide distribution for telial hosts of any one 
species of Gymnosporangium. 


V. SYMPTOMATOLOGY OF THE DISEASES CAUSED BY 
GYMNOSPORANGIUM CLAVIPES 


1. On Pomaceous Hosts 


(A) Morphological symptomatology 

Morphological symptoms of disease caused by G. clavipes were first 
described from infected fruits on pomaceous hosts. Schweinitz (1832) 
gave a brief description of the gross morphological symptoms of the 
disease on the fruit of Crataegus sp. Farlow (1880) stated that G. 
clavipes (Roestelia aurantiaca) was “by far the most beautiful species of 
the genus which we have, at once attracting the popular eye by its bril- 
liant orange or almost cinnabar colored spores and shining white 
peridium. It is generally found on young fruit, though it is occasionally 
found on the stems and petioles, but I do not recollect having seen aecidia 
on the leaves. — One sometimes sees a quince two inches in diameter 
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more than half covered by the bright orange aecidia and occasionally 
small apples are affected in a similar way. Roestelia aurantiaca is gen- 
erally found in midsummer. I have, however, seen it on C. crus-galli as 
late as October.” 

Weimer (1917) stated that “the veins alone (of quince leaves) are 
attacked and often become swollen to double their normal size.” The 
swellings, he noted, caused the leaves to curl but the infected areas were 
not discolored. No aecia were found on the quince leaves. Adams 
(1921) reported that branches and buds of hawthorns were very severely 
injured by this rust. He stated that ‘the aecia on the branches always 
precede the appearance of aecia on the fruit of hawthorns.”? Thomas 
(1933) reported that symptoms on apple foliage appeared 10 to 18 days 
after inoculating and that on apple fruits the symptoms were predomi- 
nately necrotic or hypoplastic. On artificially inoculated leaves of 
Crataegus he obtained numerous spermogonia “‘but aecia were produced 
only sparingly along the larger veins.” 

In the present study, data for the symptomatology of the disease 
caused by the aecial phase of G. clavipes were obtained from observations 
made on more than 400 pomaceous hosts. Data on the relationship 
between elapsed time and progressive stages of development of symptoms 
and signs were recorded from plants inoculated at various stages of 
development of the flowers, twigs and fruits. Comparisons of the symp- 
toms and signs resulting from artificial inoculations made possible a more 
thorough understanding of the phenomena that occur in nature. 

Gymnosporangium clavipes attacks primarily the fruits, less fre- 
quently the twigs and buds and rarely the leaves of its pomaceous hosts. 
The earliest observable symptom of disease on ovaries and young fruits 
is a pale yellowish green discoloration. This symptom was seen on cer- 
tain species even before the petals fell. Occasionally the petals become 
infected and when they do they usually remain attached for the greater 
part of the season. In my experience, fruits are susceptible when in early 
stages of development only. After the petals drop the fruits of most 
species are no longer subject to infection. On the average, from 6 to 10 
days after inoculating the diseased fruits begin to show evidence of 
infection by slightly pale swellings. From 4 to 5 days later the hyper- 
trophied zone becomes dotted in its central portion with numerous, tiny, 
deep-reddish points — the developing spermogonia of the fungus. Within 
1 to 5 more days, the first formed spermogonia begin to exude a pale-red, 
sweetish liquid. During further development the diseased area con- 
tinues to increase in all dimensions and finally involves but a portion of, 
or, in many cases, the whole fruit. Occasionally, the infection spreads 
to the pedicels and even extends into the peduncles and twigs. Spermo- 
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gonia are matured progressively over a large portion of the diseased 
tissue, and oozing of the young spermogonia continues for several days. 
The older spermogonia die and turn black. 

Several irregularities or anomalies have been observed in the sympto- 
matology of the disease during the life span of the spermogonia. Very 
frequently the infected tissues do not become hypertrophied, but quite 
cease development. During this time the adjacent tissues continue to 
expand, resulting in invaginated areas. This is particularly common in 
orchard apples where infection occurs most frequently at the blossom 
end. In many instances the spermogonia are few in number and do not 
reach full maturity. Tissues with this type of infection are usually green 
and firm. Fruits of hawthorns, shadbushes and chokeberries are found 
in which the swelling and discoloration involve the whole fruit, but in 
such cases no or few spermogonia are produced. Many of the fructi- 
fications exhibit various stages of abortion. Symptoms of this type were 
obtained from inoculation tests on Crataegus spp. and Amelanchier 
oblongifolia toward the close of the period of susceptibility of the fruits. 
Of course, in some instances it is possible that more than one kind of 
parasite is involved and that as a result the normal course of the Gymno- 
sporangium disease is altered. 

In 20 to 40 days after inoculating the second fructifications of the 
fungus, the aecia, begin to make their appearance within the diseased 
area. They are usually produced peripheral to, or to one side of, the 
spermogonia; but they are often found among them. Aecia, in pro- 
gressive stages of development, are easily observed during their early 
appearance as is shown in plate 155, fig. 1. Often no aecia penetrate the 
surface of the infected fruits, yet internal ones are frequently formed. 
This is particularly true of orchard apples but has also been observed in 

many other hosts. Fruits that become infected late in the period of 
susceptibility are commonly observed to exhibit this phenomenon. Fail- 
ure to fully develop aecia may be physiological — possibly a type of 
hypersensitivity — or it may be due to the development of a cuticle so 
tough as to prevent aecia from breaking through. 

Many fruits were observed in which the lesions occupied by G. clavipes 
were browned or blackened and quite rotted. From such decayed areas 
imperfect fungi were repeatedly obtained by culture. It seems, therefore, 
that these are the real cause of the discoloration and decay noted. Some 
have ascribed such phenomena to G. clavipes, but it seems erroneously 
so. The fact that relatively few areas infected by G. clavipes become 
decayed strengthens this conclusion. A photograph of a rust-infected 
area that was parasitised by an imperfect fungus is in plate 155, fig. 2. 
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An anomolous symptom was frequently observed on fruits of Cratae- 
gus monogyna infected with G. clavipes. The whole of the fruits and 
the pedicels were infected, but from the blossom ends of these fruits 
numerous petals and abortive structures resembling stamens developed. 
Here again, more than one parasitic organism may have been active in 
causing these symptoms. 

Twigs, including thorns, infected with G. clavipes are commonly found 
on certain species of hosts (plate 156). In my experience twigs of the 
current season only have become infected. The early symptoms of 
disease on twigs are pale, yellowish green, elongated areas occurring on 
the young bark. The infection spreads rapidly, however, usually girdling 
the stem and extending up to 3 inches longitudinally. The infected por- 
tion of the twig becomes hypertrophied. Frequently a fusiform swelling 
results, but irregularly swollen and cankered twigs are also common. 
Rarely, however, rotund galls are formed on the twigs. Thorns are also 
subject to infection and manifest similar symptoms. Spermogonia on 
infected twigs usually do not reach maturity until 9 to 12 days after 
inoculation. They follow the same course of development as on fruits. 
Aecia of the rust are produced among the spermogonia as well as outside 
the area occupied by them. Very often they are sparsely produced, but, 
on the other hand, twigs are sometimes found in which the aecia are very 
abundant. The first aecia reach maturity on the twigs and thorns in 
30 to 40 days; others are produced progressively, as was described in the 
case of infected fruits, for a period of about a week. 

In the longitudinal advancement of the fungus in a twig, it frequently 
encounters a terminal or lateral bud, which in turn usually becomes 
infected. Subsequently, the buds are forced to develop beyond the 
resting stage normal for the current season. Similar phenomena were 
observed on buds of ornamental apples infected with G. Juniperi-vir- 
ginianae (Crowell, 1934). Forced growth of buds caused by G. clavipes 
has been observed on a large number of hosts. The early stages of in- 
fection, evidenced by a yellow discoloration and swellings of the buds, 
are not observable until late in June. The abnormal development of 
stunted twigs and leaves results. The photographs in plate 156 show 
some of these symptoms in forced buds. Spermogonia in all stages of 
development are produced along the deformed petioles and veins of the 
leaves. Rarely, however, are aecia produced on the forced buds. On 
C. Phaenopyrum several twigs were found in which the infection devel- 
oped systematically, as shown in plate 156, fig. 5. It is possible that 
infection occurred on these twigs while they were in the stage of rapid 
elongation. That infection was confined largely to these malformations 
and did not extend into the main twig substantiates this supposition. 
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Many twigs infected with G. clavipes in the spring of 1934 were ex- 
amined in the spring of 1935 to determine whether or not the fungus over- 
wintered in its aecial hosts. No instance of overwintering was found. 
Thomas (1933), however, reported having observed the overwintering 
of this rust in pomaceous hosts. Dodge (1918) reported that the aecial 
phase of G. biseptatum Ellis (G. Botryapites [Schw.] Kern) and of G. 
fraternum Kern (G. transformans [Ellis] Kern) were observed by him 
to be perennial. Tubeuf (1906, 1907) also noted this phenomenon on 
pears infected with G. Sabinae (Dicks) Wint. 

The leaves of the pomaceous hosts of G. clavipes are rarely infected. 
When such occurs the lesions are always small and few spermogonia 
develop on them. The spermogonia on leaf lesions are late in appearing, 
and on many hosts they never reach the oozing stage. Spermogonia 
have been observed on leaves of Cydonia oblonga, Amelanchier spp., 
Craetegus spp., and Aronia spp. Amelanchier oblongifolia is the only 
host, however, in which I have seen aecia of G. clavipes on affected leaves. 

On its more susceptible pomaceous hosts G. clavipes is very destruc- 
tive. The diseased fruits become misshapen and discolored, and often 
fall prematurely. In the case of quince and apples the loss is primarily 
a commercial one and frequently very great. Indeed, growing of quinces 
was impossible in many sections of eastern North America due largely to 
the ravages of this rust. Many varieties of orchard apples are also very 
susceptible. Thomas and Mills (1930) report instances in which as high 
as 95% of the fruits of the Delicious variety in New York were attacked. 
Ornamental plants, such as certain species of Crataegus, Amelanchier, 
etc., whose beauty and usefulness depend in a large measure upon an 
abundant production of colored fruits that persist long into the winter, 
sometime becomes worthless because so many of their fruits are spoiled 
by G. clavipes. Twigs killed beyond the infected portion are also un- 
sightly and they tend to materially deform the trees and shrubs because 
of sequent prolific sprout growth. Hawthorns have been seen in which 
so many twigs were killed by tthe rust that death resulted. 


(B) Histological symptomatology | 

Tissues of pomaceous hosts infected with G. clavipes are usually 
hypertrophied and the diseased portions of fruits and twigs are often 
greatly enlarged; infected parts of leaves, however, are changed but little. 
In the fruits chiefly the outer or cortical tissues are affected. They are 
often greatly enlarged and many of them are more or less filled with a 
deep-staining material while others, fully as hypertrophied, are often 
quite devoid of contents. Cells towards the center of the fruit, although 
they show no evident hypertrophy, contain much of the deeply staining 
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material observed in the cortical cells. Exceptions to the hypertrophy 
of the fruit cells as noted have been observed in the infections of many 
orchard varieties of apples. In such infections the earliest stages of the 
disease are manifested as an hypertrophy of a small number of cells. 
The disease soon ceases to be an enlargement; indeed, the infected region 
becomes inhibited in its development. The surrounding uninfected 
tissues, however, continue to expand in their development while the 
diseased area remains stunted, depressed and usually greenish. 

In twigs, mainly the cortical tissues are affected. The effects are simi- 
lar to those in fruits. Occasionally, however, and always in the greatly 
enlarged twigs, the phloem and xylem are hypertrophied. Many of their 
cells contain much material that stains intensely with haematoxylin. 

The mycelium of the aecial phase of G. clavipes is found in the cortical 
tissues of the fruits and twigs and in the palisade and mesophyll tissues 
of the leaves. Haustoria are abundantly formed in the cells of the fruits 
and twigs but are seldom seen in cells of the leaves. Frequently, haus- 
toria are found in close association with the nucleus of its host cell. 

The peridial cells and the aeciospores of G. clavipes are salient fea- 
tures for determination of the species. Gymnosporangium clavipes can 
also readily be identified from median longitudinal sections of the spermo- 
gonium. In my investigations of the spermogonia of the genus (to be 
reported in a separate article) three dimensions were averaged, namely, 
total width, total height and the depth to which the fructification is 
sunken in the host tissue. The measurements for G. clavipes were 
found to be 203 py & 207 uy & 163 yp respectively. The spermogonia of 
G. clavipes are conspicuous because of their large size and their rotund 
form and they are almost completely sunken in the mesophyll. A 
photomicrograph of spermogonia of G. clavipes is shown in plate 156, 
figure 7. 

Aecia of G. clavipes are found most abundantly in the fruits and twigs 
and are seldom produced in the leaves. Aecia develop in the outer cortex 
of fruits and twigs and in the mesophyll of leaves. They are sunken to a 
depth of approximately one millimeter and are of greater diameter near 
the base than at the apex. Fresh aeciospores of G. clavipes vary in color 
from bittersweet-orange to flame-scarlet (Ridgway, 1912). They are 
irregularly rotund, verruculose and measure 32.2 p X 34.4 y. Peridial 
cells are almost white in color; the inner wall is maked by coarse ridges 
forming an irregular mosaic pattern. The form of peridial cells varies 
widely, but on an average they measure 14.5 y in width 55.6 y in 
length. They usually adhere in large numbers in water mounts. 
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2. On JuNIPERUS Hosts 


(A) Morphological symptomatology 
_ Cooke and Peck (1873) gave a description of the symptoms of G. 
clavipes on Juniperus virginiana; they stated: “the younger branches 
are slightly swollen where attacked by this fungus and the bark is scaly.” 
For many years, however, the fungus and the disease caused on its 
Juniperus hosts seem not to have been understood. Thaxter (1891) 
after an extensive series of cultural experiments clearly identified two 
species that were formerly confused with G. clavipes, namely G. clavipes 
proper and a new species, G. Nidus-avis. Kern (1911), in an account of 
the symptomatology of G. clavipes, stated that the telia were “caulicolus, 
appearing on slightly fusiform swellings, usually aggregated, roundish, 
one to four millimeters, often confulent, hemispheric — teliospores two- 
celled ellipsoidal 18 to 26 yp X 35 to 51 u — pedicels carotiform. Dodge 
(1918) stated that small witches-brooms are sometimes formed on twigs 
of red cedars infected with G. clavipes. Dodge (1922) stated that 
needles as well as the main trunk are also infected, and that the bark 
over the infected portions of the trunk becomes much thickened and 
blackened. 

The pertinent observations on the symptomatology of G. clavipes re- 
viewed in the foregoing give a clear foundation for an appreciation of the 
disease caused by G. clavipes on its Juniperus hosts. My own findings 
and interpretations, while they add little to what is already known will, 
nevertheless, trace in sequence the development of the disease and its 
relative importance in the various organs attacked. 

On its Juniperus hosts, particularly J. virginiana L., the disease in- 
duced by G. clavipes is perhaps one of the most déstructive caused by 
any species of the genus Gymnosporangium. ‘The needles, twigs, 
branches and even the main trunk are attacked. Very frequently the 
disease occurs on the needles but infected needles are relatively incon- 
spicuous and are often overlooked. Usually but a single crop of telio- 
spores is produced on needles, after which they die. From the needles, 
however, the fungus often migrates to the twigs and it is on these that 
the disease is most frequently found. Twigs may also become infected 
directly. On twigs the disease appears as slightly fusiform swellings 
covered by a flaky, darkened bark. Usually by the end of four to six 
years most of the infected twigs die. Occasionally, however, the infected 
twigs survive for a longer period and the larger limbs are distorted and 
covered with a heavy, cracked and blackened bark. If the diseased por- 
tion of a branch is near the main trunk the latter is liable to infection by 
the fungus advancing along the cortex. Infections of G. clavipes on the 
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main trunk of red cedars are easily mistaken for one of the diseases caused 
by other species of the genus, because vertically elongated, often irregu- 
lar, blackened, heavy-barked bulges are typical for diseases caused by 
several species of Gymnosporangium. Fructifications are, in my ex- 
perience, necessary to identify the causal organism on trunk lesions. 

That the disease caused by G. clavipes is very destructive to its telial 
host is evident since all organs attacked are killed usually in a few years. 
Trunk infections of many years standing are not uncommon, to be sure; 
but trees bearing such burdens show evident symptoms of poor health. 
Recently, I came upon a very striking demonstration of destruction of 
red cedars infected with G. clavipes. Several years ago, an estate owner 
cleared a natural grove of cedars of all other trees and shrubs. Gymno- 
Sporangium clavipes was very abundant on the twigs, branches and main 
trunks of certain of these cedars. Following the unusual cold of the 
winter of 1933-34 every tree that was heavily infected with G. clavipes 
died entirely or in large part, while all of the trees in this group that were 
not infected survived. An examination of the cedars in the surrounding 
uncleared lands revealed complete destruction of trees that were heavily 
infected with G. clavipes. As the only variable seemed to be the relative 
abundance of infections the loss seemed clearly attributable to the infec- 
tion of G. clavipes. 


(B) Histological symptomatology 

Dodge (1922) gave a very complete account of the histological symp- 
tomatology of G. clavipes. A review of his paper is presented here. 
Dodge stated that “infection takes place on the proaxial side of the 
young leaf, or directly on the young stem at the base of the leaf — after 
entering the leaf, the mycelium invades the region between the cuticle 
and the cellulose walls of the epidermis on the proaxial side. The effect 
of the fungus on this part of the cell wall is usually marked by consider- 
able swelling and the disorganized substances take the stains very 
readily — the fungus explores and feeds in the cuticularized layer, but 
it may go deeper and invade the palisade-mesophyll tissue. Haustoria 
are found in the epidermal cells, sometimes even in the guard cells of the 
stomata.” 

Young stems are “susceptible to infection, either directly or through 
the invasion of the fungus by way of the leaf axils.” The mycelium occu- 
pies a cancellate portion of the periphery of the young cortex. The 
mycelial “strands actually interlace, weaving in and out around the veins 
[leaf traces] of the leaves and forming a closed network system in the 
cortical region of the young stem.” After the leaves are shed the fungus, 
closing the gaps, may be found in the cortex around the entire circum- 
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ference of every section. In the main trunk, infections are confined to a 
portion only of the circumference. 

My findings with respect to the histological symptomatology agreed 
in detail with those of Dodge. My examination included the leaves and 
twigs of Juniperus virginiana as well as infected twigs of all other Juni- 
perus hosts. Certain additional remarks with respect to the fructifica- 
tions are also recorded. 

The telia of G. clavipes arise at irregular intervals from aggregated 
masses of the mycelium on the phellogen. The telia first appear early in 
April in Massachusetts. In youth they are a deep-reddish color, expand- 
ing upon gelatinization to regular pulvinate sori. After two or three 
gelatinizations, however, the sori change their deep red color to a yellow- 
ish red and their shape is very irregular. Five to six gelatinizations occur 
during the season, after which the telia drop from their host. 


VI. LIFE HISTORY STUDIES OF GYMNOSPORANGIUM 
CLAVIPES C. AND P. 


The life history of Gymnosporangium clavipes is essentially the same 
as that of other species of the genus. It differs in certain details only 
from the life history of the more generally known species G. Juniperi- 
virginianae. A review of the extensive literature dealing with the life- 
history of G. clavipes shall be confined to the more pertinent reports of 
former investigators. 

Schweinitz (1832) described the aecial phase of a rust which he found 
occurring “rarissime in germinibus Rosae” as Caeoma (Peridermium) 
germinale. Kern (1911) reported the determination of the host of this 
rust to be an error for 2 species of Crataegus. Cooke and Peck (1873) 
gave an account of the telial phase of a rust which they called G. clavipes 
. occurring on Juniperus virginiana L. These two rusts were considered 
to be distinct species until Thaxter (1887) showed from the results of 
controlled cultural experiments that the spermogonial and aecial stages 
on pomaceous hosts were in reality genetically connected with the telia 
stage on red cedars. Following this basic step many observations have 
been reported with respect to details in the life history of G. clavipes. 

In the development of the rust on pomaceous hosts Farlow (1886) and 
Thaxter (1887) found that 10 and 11 days respectively elapsed between 
the date of inoculating and the first appearance of spermogonia. Thomas 
(1933) stated that the first symptoms of disease on “relatively resistant” 
apple foliage were observed 10—18 days after inoculating but that spermo- 
gonia were never formed on the lesions. In contrast he found that symp- 
toms appeared in 4-6 days and spermogonia in 13-15 days after 
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inoculating “susceptible” foliage of Crataegus sp. and further that aecia 
were formed sparingly along the larger veins only of the infected leaves, 
Thaxter (1887) determined from his cultures that approximately 30 
days were required for the maturation of aecia on young shoots of 
Amelanchier canadensis. Miller (1932) and other authors observed that 
spermogonia were frequently abortive in orchard apples and that aecia 
rarely matured in the fruits. 

These observations while they differ greatly when considered sepa- 
rately are nevertheless in harmony when reviewed in the light of more 
complete knowledge of the behavior of the rust. From my cultural ex- 
periments on hosts in several genera, the same variations as reported in 
the foregoing were observed. These variations seemed to be correlated 
with two phenomena, — first, the relative susceptibility of the host 
plants and second, the stage of development of the diseased parts at the 
_ time of inoculating. The rust developed more rapidly on the more 
susceptible hosts and more slowly on less susceptible ones. In fact, on 
very resistant hosts, as certain orchard apples or on resistant organs as, 
for example, the leaves of nearly all hosts, longer time was required for 
the maturation of the fructifications; not infrequently these reached an 
imperfectly developed stage only. 

The average time required for the maturation of spermogonia of G. 
clavipes on fruits and twigs was from 7 to 10 days. The beginning of 
spermogonial exudation was taken as the criterion of maturity. On indi- 
vidual lesions spermogonia continued to be produced for a period up to 
3 weeks. The production of exudate by any one spermogonium contin- 
ued up to about 7 days, after which the spermogonium became filled with 
long filaments, and soon died, usually turning black. Others in the 
lesion followed these developments. Spermogonia of G. clavipes were 
sub-epidermal in origin and position; they were reddish in color and 
among the largest of the genus. Details of average measurements of 
their size have been given on page 385. 

The aecial primordium of G. clavipes is located deep in the cortical 
tissues of fruits and twigs and in the mesophyll of leaves. It is typical 
for the genus as is also the mycelium and haustoria. From thirty to forty 
days after inoculating, aecia of G. clavipes reached maturity and pene- 
trated the epidermis of the host among or close by the spermogonia. 
Aecia were usually developed progressively over a period of a week or 
more. Upon their first appearance, about June 1 in Massachusetts, they 
had the form of short, blunt, white cylinders. One or two days later 
the white peridia were ruptured irregularly, usually with the loss of the 
cap cells, exposing and releasing the enclosed reddish aeciospores. Vari- 
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ous stages of this phenomenon are shown in plate 155, fig. 1. The aecium 
of G. clavipes is broader at about midway between the hymenium and 
surface of the host than at the surface of the host itself. It is evident, 
therefore, that a crowding of the aeciospores occurs at the zone of con- 
striction. Dodge (1924) associates these phenomena with a mechanism 
for the forcible discharge of aeciospores. 

The peridial cells of G. clavipes are broadly rectangular and measure 
14.5 y X 55.6 u with extremes of 33.4 y to 83.5 X 10.4 yp to 23.4 p. 
Their inner and thicker walls are ornamented with low interconnecting 
prominences forming irregular mosaic patterns. Peridial cells are of 
much diagnostic value as Fischer (1891) and Kern (1910) demon- 
strated. Those of G. clavipes may be easily identified by their markings, 
their size and their form. Peridial cells of G. clavipes usually remain 
flat in water mounts and adhere forming a large sheet of cells. 

Aeciospores of G. clavipes are exceptional for the genus in their re- 
markably intense color. By comparisons of fresh aeciospores the color 
was determined as varying from bittersweet-orange to flame-scarlet 
according to Ridgway’s (1912) color standards. With increase of age 
of the mature spores, however, their color gradually changes to orange 
and yellows. In old herbarium material they are frequently almost 
colorless. In many of the better preserved specimens the reddish color 
still is conspicuous. Aeciospores of G. clavipes are among the largest of 
the genus. They measure 32.2 » X 34.4 u with extremes of 28.4 y to 
42.3 uy X 26.7 yp to 37.4 y. Their outer surfaces are ornamented with 
numerous, tiny, low papillae. 

The problem of germinating aeciospores of species of Gymnosporan- 
gium has been given a great deal of attention. Difficulty has been ex- 
perienced in germination of aeciospores of many species. Several 
investigators have shown that a period of rest at low temperature con- 
‘tributed greatly to the germinability of aeciospores of certain species of 
Gymnosporangium (Fukushi, 1925; Miller, 1932). Thomas and Mills 
(1929) reported moderate germination of aeciospores of G. clavipes 
stored for twelve weeks at 3° C. Thomas (1933) tested the germina- 
bility of aeciospores of G. clavipes that were precooled for various lengths 
of time at various temperatures as well as aeciospores that were not pre- 
cooled. The highest germination was obtained from spores that “were 
mounted at 18° C. without precooling.” Thomas also demonstrated that 
aeciospores kept dry at 3° C. rapidly lost the property of germination. 
It was found, however, that a small number of aeciospores remained 
viable in aecia in fruits throughout the winter. It should also be re- 
marked that Professor J. C. Arthur observed internal aecia of G. clavipes 
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in fruits of orchard apples. Dr. Arthur stated in a letter to Dr. Stein- 
metz, who forwarded the material to him, that aeciospores removed from 
internal sori germinated in the usual manner. 

In my studies of the germination of aeciospores of G. clavipes it was 
found that they germinated readily in a moist atmosphere at room tem- 
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Figure 2. Graph showing the Germination of Aeciospores of Gymno- 
sporangium clavipes C. and P. 


perature at any time during the summer and fall seasons. Careful studies 

-of germination revealed that they germinated over essentially the same 
range as did most species of the genus studied to date. Optimum con- 
ditions for germination in distilled water on glass slides were reached at 
about 15° C. The results of the tests are shown in figure 2 and in 
table 4. 
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TABLE IV. GERMINATION OF AECIOSPORES OF G. CLAVIPES 


No. of spores No. of spores Percentage of 
Temp. pitied sai Nalhe ceenttaatee 
Ul 1000 0 0 
3 1000 53 51a} 
6 1000 224 22.4 
9 1000 506 50.6 
12 1000 740 74.0 
15 1000 807 80.7 
18 1000 750 poy |) 
21 1000 698 69.8 
24 1000 625 62.5 
27 1000 413 41.3 
30 1000 152 15.2 
33 1000 0 0 


Apart from the irregularities in the aecial phase that were discussed 
under the heading of symptomatology, an unusual development was ob- 
served in the aecia on fruits of Crataegus sp. collected by Prof. J. H. Faull 
in Pennsylvania. Some of these aecia and aeciospores appeared normal 
in all respects. Certain of the aecia were internal with the hymenia 
oriented in various directions. All of these latter and many of the aecia 
that developed in a normal position were filled with irregularly produced 
aeciospores and aeciospore chains. Cytologically either one or two 
nuclei were present in the cells. The cell contents were irregularly inter- 
spersed with vacuoles and deep-staining materials. Camera lucida draw- 
ings of two aeciospore chains are shown in plate 157, figure 2. 

Aeciospores of G. clavipes are primarily wind borne. They are dis- 
tributed throughout the growing seasons and probably germinate and 
infect the alternate hosts shortly after inoculation. 

_ Previous to 1910, however, little investigative work had been con- 
ducted on the telial phase of G. clavipes. Arthur (1912) sowed aecio- 
spores of G. clavipes on the common juniper and reported successful cul- 
tures. Dodge (1918) traced the life cycle of G. clavipes under controlled 
conditions from the telial phase on red cedars to the aecial phase on 
Crataegus Oxyacantha, thence back to the telial phase on red cedars. 
Dodge found that few telia were produced in the spring following inocu- 
lation but that many developed in the second spring. Inoculations made 
during the present investigations substantiated these findings. In addi- 
tion it was shown that inoculations made on July 1, August 10 and Octo- 
ber 3 all resulted in abundant infection, indicating that in nature aecio- 
spores are a menace throughout their entire pei.od of production. 

Infection of the telial host was first described by Dodge (1922). 
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Dodge stated that entrance of the germ tube was gained through the 
adaxial surface of the leaves and tender epidermis of the twigs. In the 
leaves of its Juniperus hosts the mycelium of G. clavipes is confined al- 
most exclusively to the epidermal cells. In twigs it is restricted to the 
phellogen cells — a most unusual limitation for the mycelium of a species 
of Gymnosporangium. Within the infected cells characteristic, binucle- 
ate, sac-like haustoria are formed. They are abundant, usually occurring 
singly but frequently in twos or threes. Telial sori of G. clavipes arise 
from masses of the mycelium. In leaves the mycelium usually dies after 
the production of one crop of spores, but in twigs the fungus is perennial 
for several years. After each successive crop of teliospores a new phello- 
gen layer is formed immediately beneath the sorus. The surrounding 
vegetative mycelium then grows over this new tissue. It is from the 
mycelium on the older phellogen that the telium for the ensuing spring 
is produced. In certain microscopic sections it is possible to observe 
progressively (a) the dead mycelium on partially sloughed-off phello- 
gens, (b) sori of the present season as well as (c) the primordia of sori 
for two seasons tocome. The camera lucida drawing in plate 160, fig. 1 
was made from such a section. 

Telia of G. clavipes are produced on leaves and on the bark of various- 
sized branches and even the main trunk of red cedars. They were never 
observed on branches of red cedars more than one-half inch in 
diameter. Upon their early appearance telia of G. clavipes are aggre- 
gated, pulvinate in form, 2 to 5 mm. across and are distinctly bright 
reddish in color. During rains in the spring the telia swell to regular 
gelatinous forms as is shown in plate 159. After three or four gelatiniza- 
tions the telia lose their regular form and deep-red color, becoming 
shapeless yellowish-red masses. After 6—8 gelatinizations the telia drop 
from the infected parts. 

The development of teliospores of G. clavipes is essentially the same 
as Dodge (1918, 1922) reported for this and other species of the genus. 
Camera lucida drawings made during these investigations of teliospores 
in various stages of development are shown in plate 160. 

Teliospores of G. clavipes are at once distinguished by the swollen 
pedicels near their bases. No other species of the genus in eastern North 
America has this characteristic.. Certain data in regard to teliospores 
of G. clavipes are of interest. Both one- and two-celled teliospores are 
produced. Ina count of 1000 spores, 94.8% were found to be two-celled 
while 5.2% were one-celled. Two-celled teliospores have one germ pore 
in each cell, In the upper cell the germ pore is apical while in the basal 
cell the germ pore is located near the pedicel. In other respects one- 
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celled teliospores resemble the two-celled ones in all but the septum. 
One-celled teliospores have the germ pore at the apex. In the telium of 
G. clavipes both thick- and thin-walled spores were found. Thick-walled 
spores are more numerous and are always produced on the outer surface 
of the telium. Almost invariably one-celled teliospores are thick-walled. 
Thin-walled teliospores are located within or beneath the layer of thick- 
walled spores. Measurements were made of the lengths of the upper 
and basal cells, the total length and the width of teliospores of G. clavipes. 
The upper cell measured 23.0 1: with extremes of 16.5 to 33.0 y, the basal 
cell 21.2 yy with extremes of 14.9 to 33.0 , the total length was 44.5 y 
with extremes of 33.0 to 57.8 yy and the width 22.7 with extremes of 
16.5 to 33.0 p. Single-celled spores measured 19.7 y in width by 33.4 uy 
in length with extremes of 26.4 to 51.2 up & 14.9 to 29.7 u. 

When teliospores of G. clavipes first break through the cortical cover- 
ing layer of the host, they expand but little when wetted and the telio- 
spores do not germinate. From 1-3 weeks after their first appearance, 
however, the telia expands fully to a regular pulvinate form and the 
teliospores germinate in great abundance. 

Several workers have reported the results of their investigations on 
germination tests of teliospores of G. clavipes. Weimer (1917) formu- 
lated a general curve of germination percentages obtained at various 
temperatures and stated that it applied to the germination of teliospores 
of G. clavipes as well as teliospores of other species of Gymnosporangium. 
The extreme temperatures found by Weimer were 7° C. and 29° C. and 
the optimum temperature was between 22° C. and 25° C. Miller (1932) 
found the extreme temperatures of germination to be 4° C. and 32° C. 
and the optimum germination at 25° C. He also investigated the phe- 
nomenon of the maximum rate of germination and found that when telia 
of G. clavipes were immersed in water for 25 minutes and removed to a 
moist atmosphere they discharged basidiospores in considerable num- 
bers within two hours. It was also found that when telia were mounted 
in moist cotton and kept at 25° C. an abundant germination of the telio- 
spores and the beginning of basidiospore formation occurred after an 
interval of eight hours. 

Thomas also investigated the time required for and the rate of germi- 
nation of basidiospores. He stated that basidiospores submerged in 
water at room temperature developed germ tubes equal in length to the 
spore in two hours and from four to six times their diameter in ten hours. 
Basidiospores were also mounted on a moistened leaf of Crataegus and 
held at 25° C. with the result that germ tubes reached a length of five to 
seven times their diameter in eight hours. 
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Farlow (1886) reported the production of secondary basidiospores 
from primary basidiospores of G. clavipes, a phenomenon that has fre- 
quently been reported for other species of the genus. 

Beyond observing the usual germination of the teliospores of G. 
clavipes, a process common to other species, no further studies were made 
on the phenomenon. It was observed, however, that germination 
occurred in the field when the telia remained gelatinized for periods of 
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Ficure 3. Geographical Distribution in North America of G. clavipes 
and its Hosts. The pomaceous hosts of G. clavipes shown as vertical lines. 
The Juniperus hosts of G. clavipes shown as horizontal lines. Stations for 
G. clavipes shown as dots. Note the extreme northern limit in northern 
Alberta, Canada, and the extreme southern limit near Mexico City, Mexico. 


two hours or longer. Four to six gelatinizations were_usual during the 
season and basidiospore dissemination occurred at most, if not at all, of 
these. 

It is essential to the production of infection that the pomaceous hosts 
are within their period of susceptibility at the time of inoculation. As 
the period is very short in many species, the failure for the coincidence of 
basidiospore dissemination within this period may be held responsible 
for the variable abundance of spermogonia and aecia on certain poma- 
ceous hosts in different years. Crowell (1935) reported unusual de- 
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velopments of the aecial phase of this and other species of Gymnospo- 
rangium in the very dry spring of 1935. In the spring of 1935, no rains 
sufficient to cause gelatinization of telia of G. clavipes occurred during 
the flowering period of most pomaceous hosts; most fruits becoming 
immune before inoculation took place. This resulted in a very limited 
number of infected fruits and the late appearance of the rust generally. 

Although the host relationships for the perpetuation of G. clavipes are 
found over the greater part of the temperate northern hemisphere, never- 
theless, so far as I am able to learn, this rust is not known outside of 
North America. Reported stations for this rust are most abundant in the 
eastern part of this continent as shown by dots on the outline map of 
North America in fig. 3. The rust has been collected, however, in widely 
separated stations outside the region of greatest concentration, an un- 
usual feature in the distribution of any species of this genus. 

Gymnosporangium clavipes has been reported from southern New- 
foundland, from all the provinces of Canada except Prince Edward 
Island, from all the states of the United States except Arizona, Cali- 
fornia, Idaho, Kansas, Minnesota, Nevada, New Mexico, North 
Dakota, Oregon, South Dakota and Washington. It is also reported 
from Mexico State in Mexico. No other species of Gymnosporangium is 
known to have a longitudinal range extending from central Mexico State 
to northern Alberta in Canada. An even greater range is possible on the 
basis of host distribution. It would be very interesting as well as of much 
practical value to determine the phenomena responsible for the distribu- 
tion of a rust within a portion of the territory occupied by both host 
groups. 


VII. CONTROL MEASURES APPLICABLE TO GYMNO- 
SPORANGIUM CLAVIPES ON POMACEOUS AND 
ON JUNIPERUS HOSTS 


Prophylactic measures to control G. clavipes have been largely an 
adaptation of those practiced for the control of the cedar-apple rust 
diseases caused by G. Juniperi-virginianae. The results obtained in 
control work have been essentially parallel for both of these diseases, 
namely, fungicidal control as practiced was found unsatisfactory, while 
eradication of Juniperus hosts gave excellent protection to pomaceous 
hosts. 

Halsted (1893) reported the destruction of quince, apple, hawthorn 
and shadbush fruit by G. clavipes in New Jersey and recommended 
remedial measures. Concerning the disease Halsted wrote: ‘an enemy 
is beyond the fence; therefore, go out and slay him with an axe.” This 
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was the earliest record that I fourid regarding the pathenogenicity and 
control of this rust. Bailey (1894) also recommended the destruction 
of red cedars as a control measure. He gave evidence to show that 
spraying thoroughly (with Bordeaux ?) was of considerable value. 
Many other authors stated that eradication of red cedars offered the 
most satisfactory solution to the control of this rust. 

My own investigations on control measures applicable to G. clavipes 
were carried out simultaneously with those for the control of the cedar- 
apple rust fungus, G. Juniperi-virginianae (Crowell, 1934). Studies in 
this problem included an exploratory investigation of numerous fungi- 
cides with respect to their control value both on pomaceous hosts and on 
red cedars. The most promising of these fungicides were then tested on 
an extensive experimental scale on numerous trees under various weather 
conditions. The fungicides were applied to red cedars (a) to prevent 
germination of the teliospores, (b) to protect them from infection by 
aeciospores, and (c) to pomaceous hosts as a protection against basidio- 
spore infection. 


(A) Fungicidal applications on red cedars to prevent germination 
of teliospores 
On the Lyman estate, Canton, Massachusetts, Gymnosporangium 
clavipes was in very great abundance and exploratory tests with several 
fungicides were made there. In table V are enumerated the sprays and 
dusts that were used in these tests. 


TABLE V 

SPRAY AND DUST MATERIALS USED IN EXPLORATORY TESTS 
Bordeaux 3:3:50, 4:4:50, 6:6 :50 
Linco colloidal sulfur? Y%, ’w%, 1%, 2%, 3% 
Lime-sul fur 1:30, 1:40, 1:50, 1:70 
Soluble palustrex? 1%, 2%, 3%, 4% 
; “ec “ Ne “ “e “cc “é 

“c “ B. “ce “ce “ce “ec 

“c it3 (Ge “ec “ “ “ 
Sunoco oil? 2%, 4% 
50% Sunoco oil and 50% soluble palustrex es 2%, 4% 
50% Sunoco oil and 50% soluble palustrex B. 2%, 4% 
80% Sunoco oil and 20% copper resinate 2%, 4% 
80% Sunoco oil and 20% soluble palustrex 2%, 4% 
Kolo base 
Kolo dust 


Pomo green 
Sulfur dust 


10btained from Linder and Co., 296 North Beacon St., Boston, Mass. 
2Obtained from E. W. Coolidge, Jacksonville, Florida. 
3Obtained from Sun Oil Co., Boston, Mass. 
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All of these spray and dust materials were first applied to potted red 
cedars in the greenhouse in the spring. None of them caused burning of 
the young foliage. In the field the sprays were applied to twig lesions as 
follows: (1) before the telia had emerged, (2) just after the telia had 
emerged, and (3) after one, two or three gelatinizations of the telia, but 
always when the telia were dry. Telia to which the sprays were applied 
were brought into the laboratory for examination; smear slides were 
made of the spores and examination was completed shortly after their 
arrival. It was not the purpose of this examination to determine the 
relative value of each spray, rather the purpose was to determine which 
ones would prevent germination of the teliospores. The most satisfac- 
tory sprays were soluble palustrex B. at 4% and Linco colloidal sulfur 
at 1%, 2% and 3%. In testing these sprays further it was found that 
this colloidal sulfur at 2% and 3 % was the most constant in its reactions. 
Colloidal sulfur was, therefore, chosen for the experimental work that 
followed. It should be added, however, that colloidal sulfur at 1% 
greatly reduced the amount of germination; colloidal sulfur at 2% com- 
pletely prevented germination of the teliospores of G. clavipes. Colloidal 
sulfur at 3%, therefore, was unnecessary. 

In April 1933, many telia of G. clavipes were sprayed upon their first 
appearance with colloidal sulfur at 1% and 2%. The effect of the spray 
was determined by gathering several sprayed telia three days after the 
application and also unsprayed telia at the same time for controls, 
thoroughly wetting and keeping them in a moist chamber over night. 
When germination was abundant a spore print resulted, but when no 
spore print was formed a smear slide was made and the teliospores ex- 
amined under the microscope. The unsprayed teliospores always germi- 
nated in abundance. Teliospores sprayed with colloidal sulfur at 1% 
strength germinated to some extent but few basidiospores germinated. 
Telia sprayed with 2% colloidal sulfur showed no germination of the 
teliospores. ; 

After the rain following each spray application, telia were again 
gathered and immediately tested. The controls germinated in abun- 
dance. The telia sprayed with colloidal sulfur at 1% and 2% germi- 
nated to a slight extent. Some change, therefore, was called for in order 
to control this small amount of germination. Certain substances were 
used to lower the surface tension of the spray material which might aid 
its penetration into the telium. Spreaders were tried but with no suc- 
cess. Calcium casienate, a combined spreader and sticker, was next 
used in a series of experiments. A new lot of telia was sprayed with 
colloidal sulfur at the strength of 2% plus 2 pounds of calcium casienate 
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per hundred gallons of water. Telia tested in the laboratory showed a 
high percentage of germination for those that were unsprayed and no 
germination for those that were sprayed. In subsequent rains none of 
the teliospores were observed to have germinated nor did the telia at any 
time regain the property of gelatinizing fully, although they did gela- 
tinize to a slight extent. 


(B) Fungicidal applications on red cedars as a protection against 
infection by aeciospores 

Fungicidal protection to red cedars against infection by aeciospores of 
G. clavipes has been demonstrated on potted red cedars in greenhouse 
trials. In these tests Linco colloidal sulfur at the strength of 124% or 
6 pounds per 100 gallons of water only was used. Twenty-five red cedars 
twelve to eighteen inches high were sprayed with the fungicide. These 
and twenty-five unsprayed red cedars were thoroughly wetted with a 
_ strong stream from a hose the following day. They were then heavily 
inoculated with fresh aeciospores of G. clavipes and kept in a moist 
chamber for five days. In the spring of the second year after inoculating, 
each of the unsprayed plants produced an abundance of sori — a total of 
more than one thousand separate infections — while but a single infec- 
tion was found on the sprayed plants. 

In field experimentation, three applications (one each in July, August 
and September) were made to a group of red cedar trees near heavily 
infected hawthorns. Examination of the twigs the second spring after 
spraying showed a very marked reduction in the number of lesions pro- 
duced. It was estimated after comparing the amount of infection on 
unsprayed red cedars in the vicinity that about 75% control was 
obtained. 

The use of fungicidal means of protecting red cedars in practice 
should be guided, along with other considerations, by two important 
factors, namely, (1) the date of maturity of the aecia and (2) the 
duration of aeciospore production. 

The first of these will vary with the season and with the time of blos- 
soming of the host. In Massachusetts aecia reach maturity early in June. 
The second and the more variable of the two is the period of active aecio- 
spore production. The duration of this period is dependent upon the 
date of maturity of the fruit of the associated pomaceous hosts. As the 
fruit of Amelanchier ripen and drop about the middle of July in Massa- 
_ chusetts and aeciospore production ceases at this time, protective sprays, 
therefore, need be applied for but a brief period. Twig infections, if 
present on the shadbushes, should be carefully removed, because aecio- 
spore production will continue on them throughout the entire growing 
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season. On the other hand fruits of Crataegi and most other pomaceous 
hosts do not reach maturity until late fall and aeciospore production 
usually continues during this period. 


(C) Fungicidal applications on pomaceous hosts as protection 
against infection by basidiospores 

Fungicidal protection of pomaceous hosts from infection by G. 
clavipes has been conducted through field experiments only. Individuals 
of Amelanchier oblongifolia were sprayed with Linco colloidal sulfur at 
the strength of 4% % or 6 pounds per 100 gallons of water after each of 
three rains during the early development of the flowers in the spring. 
Spraying was begun just before the first rain after the flower clusters 
began to unfold; the last application was made when about three-fourths 
of the petals had fallen. The protection afforded these plants was ex- — 
cellent. Counts of infected fruits showed that 98% of them remained 
free from infection, while 95% of the fruits on unsprayed plants nearby 
were infected. Certain other experiments with this same material on 
hawthorns and apples have not met with the same success. Excellent 
protection was afforded certain of the tested trees while practically none 
was obtained on others. It is believed that this irregularity can be over- 
come. It is not yet known just when infection occurs nor the limits of 
the period of susceptibility of many of the host species. A knowledge 
of these is necessary to satisfactory control. The value of thorough 
spraying cannot be over-emphasized. 

Gymnosporangium clavipes is largely a fruit parasite on its pomaceous 
hosts, and a difficulty arises with respect to spraying while the hosts are 
in flower. Sprays may be applied at any time except for a few days imme- 
diately after the unfolding of the petals. It is at this time that pollination 
occurs. The problem of controlling the disease caused by G. clavipes on 
orchard apples has not as yet been given attention. A project to deter- 
mine the limits of the period of susceptibility and modifications, if any, 
of the spray schedule now generally used in apple orchards is planned. 

In addition to protective spray applications for the control of G. 
clavipes, other means of attack may be employed. In ornamental plant- 
ings of red or common cedars judicious pruning of infected branches and 
twigs is very effective. Not only will pruning remove the disease from 
infected trees but will afford a degree of protection to neighboring poma- 
ceous hosts as well. The work is best done in the spring when infected 
parts are clearly marked by the presence of telial sori. Small twigs may 
be cut off below the nearest uninfected shoot, but it seems advisable that 
larger branches be removed well below visible lesions; in many instances 
this may be back to the main trunk. 
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The possibility of freeing infected trunks of red cedars from disease 
has been the subject of an, as yet, incomplete investigation. It will be 
recalled that the mycelium of G. clavipes is localized on the phellogen 
layer only of red cedars. Experimentation was conducted for the pur- 
pose of investigating the possibility of removal of the fungus by remov- 
ing the outer bark. For this purpose a coarse wood rasp was used, and 
the bark, over and for about an inch around the lesion, was scraped off 
and painted with shellac and later with an antiseptic tree dressing. The 
work was done in March and no telia developed in the spring nor did the 
trees show visible symptoms of injury the following growing season. 
Only one season has passed since the undertaking and thus far the 
operation seems successful. 

Eradication of Juniperus and of pomaceous hosts, while often limited 
in practice, is; nevertheless, a very effective adjunct or under certain 
conditions the most effective means of controlling this rust. The low 
growing types of junipers, such as J. communis and varieties and J. hori- 
zontalis, are frequently weed plants. In some localities in the Annapolis 
valley of Nova Scotia wild junipers have been eradicated for one-quarter 
to one-half mile around commercial orchards with the result of almost 
complete protection to the susceptible varieties of apples. From their 
observations in an apple orchard in Maine, Steinmetz and Hilborn 
(1934) state: “the approximate shortest distance between the infected 
junipers and infected apple trees is 3900 feet. The extreme distance 
between infected hosts is over 4500 feet.” Various environmental fac- 
tors, however, may influence the distance that the contagion will travel 
as I have already discussed in another paper (Crowell, 1934 pp. 202—209) 
and these should be considered in plans for eradication. As an expedi- 
ent to the protection of either pomaceous or Juniperus hosts, all nearby 
hosts that can be dispensed with should be removed. Elaborate protec- 
tive measures may be largely upset by a single weed-host plant located 
near valued plantings. 


VIII. RECOMMENDATIONS 


The problem of controlling the diseases caused by G. clavipes on poma- 
ceous and on Juniperus hosts usually varies with the relative value of the 
infected plants and with the interest of the owner. The problem, how- 
ever, merits wider attention. The moral obligation of consideration for 
a neighbor’s earnest endeavors to improve a serious situation is too often 
thought of very lightly. Several practical control measures have been 
demonstrated. These are as follows: 
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1. Selection of immune or highly resistant species and varieties for 
planting. Attention should be given not only to avoiding hosts of G. 
clavipes but to avoiding hosts of other species of Gymnosporangium 
native in the vicinity. Host lists for all of the species of Gymnosporan- 
gium in eastern North America are now rapidly nearing completion. 
MacLachlan (1935) has shown that practically the whole of the genus 
Crataegus is more or less susceptible to attack by G. globosum. Many 
species and varieties of hawthorn are also susceptible to G. clavipes as 
shown in the present paper and to another widespread species common 
in this region, namely, G. clavariaeforme. (The presentation of results 
of investigations on this species is planned for an early publication.) 
Species and varieties of Crataegus, either native or foreign, cannot be 
planted in the vicinity of Juniperus hosts in eastern North America with 
expectation of their remaining entirely free from infection by one or 
more species of Gymnosporangium. In the genus Malus, Crowell 
(1934) has shown that all of the native species and varieties and one 
foreign species (M. sylvestris) can harbor and reproduce the cedar-apple 
rust fungus G. Juniperi-virginianae. The present paper and that of 
MacLachlan (1935) give but few additional species and varieties of 
Malus that are hosts to G. clavipes and G. globosum. All other Eurasian 
species and varieties do not harbor and reproduce the rusts native to 
this region. In the genus Amelanchier one species only, namely, A. ama- 
bilis, has proved to be highly resistant to all of the Gymnosporangia in 
this region. Other species and varieties are subject to infection by one 
or more species of Gymnosporangium. 

Few hosts for the native Gymnosporangia were found in the genera 
Pyrus and Sorbus while practically all of the species and varieties tested 
in the. genera Aronia, Crataegomespilus, Cydonia and Photinia were 
susceptible. Information as to the hosts in other pomaceous genera is 
- too meagre for general recommendations at this time. For specific host 
lists together with the relative data of various hosts attention is directed 
to the present and the following publications now available. For hosts 
of G. globosum, (MacLachlan 1935). For hosts of G. Juniperi-virgini- 
anae, on ornamental apples (Crowell 1934) ; on orchard apples (Crowell 
193 5)):. i atte 
- Of the telial hosts, with the exception of Juniperus virginiana, J. hori- 
zontalis, J. scopulorum and several of their varieties among the native 
species and J. communis and J. Sabina and several of their varieties 
among the foreign species, all other species and varieties tested (see p. 
379) may be considered as desirable for plantings in this locality. 
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2. Planting a screen of tall non-susceptible trees about groups of 
alternate host plants. Groups of alternate host plants in close proximity 
may be effectively protected from infection by surrounding them with a 
screen of tall trees. Densely branching trees, as many of the conifers, 
are particularly effective. The corollary is also true. Groups of alter- 
nate host plants may be grown in close proximity if planted among taller 
non-susceptible trees. These phenomena have frequently been observed 
in nature. A fuller discussion is given on page 204 of an account of the 
cedar-apple rust disease by Crowell (1934). 

3. Eradication of pomaceous or Juniperus hosts. To be most effec- 
tive eradication of either pomaceous or Juniperus host plants should be 
complete over a radius of at least one-half mile. Even though eradication 
is carried out over this area, complete protection is not assured. Thus, 
the direction of winds during the time of spore production, continued 
- humidity and the location of the source of inoculum are factors that may 
tend to offset or vary the results. A high degree of protection may be 
expected from eradication, however. If eradication cannot be complete, 
partial eradication of host plants will reduce the amount of inoculum and 
will therefore aid in controlling the rust. All wild or scrubby pomaceous 
as well as Juniperus hosts that can be dispensed with should be removed. 

4. Removal of infected parts of host plants. As infections in Juni- 
perus hosts are perennial for several years removal of diseased twigs and 
branches will contribute materially to control measures. Diseased twigs 
should be removed well below visible lesions. In the case of infected 
branches it may be necessary to remove them back to the main trunk. 
Similarly, on pomaceous hosts diseased fruits and twigs may be removed 
as an aid to control measures. Unless diseased parts are few in number 
and can be easily and thoroughly picked by hand, the undertaking is not 
recommended. 

5. Removal of the fungus from infected trunks of red cedars. In- 
complete experimentation has shown that infections on the main trunk of 
red cedars may be satisfactorily removed. This is done by rasping off 
the outer bark down to the living outer tissues, painting-the wound with 
shellac and later with an antiseptic tree dressing. The practice is limited 
to trunk lesions and is not generally recommended. Removal of diseased 
parts or the disease from parts of Juniperus hosts is best accomplished 
when telia are present on infected areas to guide one in the work. 

6. Protective spray applications. Protective spray applications to 
pomaceous plants for protection against infection by basidiospores of G. 
clavipes are of value during the early stages of development of flowers 
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and fruits. Linco colloidal sulfur was the only fungicide tested for this 
purpose. Applications at 14% strength or 6 lbs. per 100 gallons of water 
plus a casein sticker are recommended. The first application should be 
made before the first expected rain as the cluster buds are breaking. Sub- 
sequent applications of the same strength should be made at 7—10 day 
intervals until most of the petals have dropped. More frequent applica- 
tions may be necessary if rain is unusually heavy or prolonged, or if 
flowers have expanded with unusual rapidity. 

Spray applications to Juniperus hosts should be confined to the period 
of aeciospore production on neighboring pomaceous hosts, and should be 
made after each two or three rains. In Massachusetts aeciospores are 
first liberated about June first. In the case of most species of Amelan- 
chier the fruits are ripened and dropped by the middle of July. There- 
fore, spray applications need not be continued longer than this time, pro- 
vided that Amelanchier species are the only hosts in the vicinity. Care 
should be taken, however, to remove all infected twigs from these plants 
for aeciospore production on them continues throughout the entire grow- 
ing season. On most other hosts, aeciospores continue to be liberated 
during the entire growing season. Under such conditions spray applica- 
tions should be continued until the end of the growing season. 

The telia of G. clavipes are fully exposed one to two weeks before 
susceptible parts of pomaceous hosts are released from their buds. This 
affords an opportunity to attack the telia before it is possible for them 
to cause infection. Two spray applications of colloidal sulfur at the 
strength of one percent or 10-12 pounds per one hundred gallons of water 
are recommended. The applications should be made before buds of 
pomaceous hosts burst. Each application should be made just after a 
rain in which the telia are fully expanded and are beginning to dry. At 
this time they expose the greatest surface and absorb water with much 
‘avidity. It should not be expected that the fungus in the twigs and 
branches will be killed by this means, the telia of the present season only 
will be destroyed. 

The relative merits of each of the foregoing means of control for G. 
clavipes will vary with individual situations. Single or a combination of 
methods of control may be employed. Selective planting methods will 
doubtless give the most permanent results but are limited in their adapta- 
tion. Methods of eradication (3, 4 and 5) may be employed where the 
plants are of such high value, or are few, or the rust sufficient sparse as 
to make hand labor practical. Spray applications are perhaps most wide 
in applicability since the practice of spraying is so general. 
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IX. SUMMARY 


1. Inoculations with Gymnosporangium clavipes C. and P. and ex- 
aminations for infection were made on approximately seven hundred 
species and varieties in thirteen genera of pomaceous hosts. These gen- 
era were Amelanchier, Amelosorbus, Aronia, Chaenomeles, Crataego- 
mespilus, Crataegus, Cydonia, Malus, Photinia, Pyrus, Sorbaronia, 
Sorbopyrus and Sorbus. The genera Comptonia and Myrica as repre- 
sented in the Arnold Arboretum were also inoculated. The results 
show that hosts were distributed in eleven of these genera, namely, 
Amelanchier, Amelosorbus, Aronia, Chaenomeles, Crataegomespilus, 
Crataegus, Cydonia, Malus, Photinia, Pyrus and Sorbus. Although 
pomaceous hosts of G. clavipes are found over the entire temperate region 
of the northern hemisphere, the fungus is confined to North America. 


2. Investigations made on the period of susceptibility of flowers and 
fruits of certain pomaceous hosts showed that the flowers and fruits were 
susceptible after they were released from their buds for a brief period 
only. The more susceptible hosts were susceptible for a longer period 
than less susceptible hosts. 

3. Inoculations and examinations for infection on the genus Juni- 
perus in the Arnold Arboretum and accounts in the literature showed that 
a total of eight species and varieties were susceptible to G. clavipes. 
Hosts were found in two sections of the genus Juniperus. These hosts 
occur over essentially the same geographical range as do the pomaceous 
hosts. 

4. The disease caused by G. clavipes on pomaceous hosts was found 
to occur most frequently on fruits, less frequently on twigs and buds and 
but rarely on leaves. It was most severe on fruits, twigs and buds, usu- 
ally causing marked hyperplastic distortion. Infected buds were not 
only swollen but were forced to develop beyond the usual for the current 
season. On certain fruits, particularly varieties of orchard apples the 
disease produced was limited to small hypoplastic lesions usually at the 
blossom end. On leaves the disease was limited to small, usually partially 
necrotic, spots. ' z 

5. On its Juniperus hosts the disease was most abundant on twigs 
from one to five years old but was also found on leaves, branches and the 
main trunk. Diseased leaves were discolored and slightly swollen. They 
were usually killed in one or two years. The disease was perennial for 
several years on twigs and branches. They were usually girdled and cov- 
ered with a thick, flaky or furrowed blackened bark. On the main trunk 
the disease lived for many years but was usually confined to elongated 
swollen patches covered with deeply furrowed and blackened bark. 
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6. The life history of the aecial phase of G. clavipes was essentially 
the same on fruits and twigs. It was slower in its development in 
leaves and in fruits of very resistant hosts, in fact in the latter it was 
often aborted. In forced buds the mycelium was essentially systemic 
and developed spermogonia, rarely aecia, progressively as the buds 
elongated. 

7. The mycelium of the telial phase of G. clavipes was confined to 
the epidermis of leaves and to the phellogen of twigs, branches and the 
main trunk of its Juniperus hosts. It remained in leaves for but one, 
occasionally for two years. It was perennial for several years in twigs, 
branches and the main trunk. Telia were produced annually on infected 
organs. 


8. Several means have been demonstrated for the control of G. 
clavipes on pomaceous and on Juniperus hosts. Especial attention has 
been given to finding satisfactory fungicides and formulating practical 
spray programs. Of the fungicides tested Linco colloidal sulfur gave 
very promising results. It was the only one used in field experimentation. 


9. Recommendations with respect to the control of this rust have 
been discussed under the headings of: selective plantings, eradication of 
hosts, removing infected parts from pomaceous and Juniperus hosts, re- 
moving infections from trunks of red cedars and spray applications on 
pomaceous and Juniperus hosts. 


BIBLIOGRAPHY 


Apams, J. F. (1916). Internal Uredineae. (Mycologia, 8: 181-182.) 
— (1919). Rusts on conifers in Pennsylvania—I. (Pennsylvania 
Agric. Exper. Sta. Bull. 160: 1-30.) 
(1921). Observations on the infection of Crataegus by Gymno- 
sporangium. (Mycologia, 13: 45-49.) 
ArtTHour, J. C.(1901). Generic nomenclature of cedar apples. (Proc. 
Indiana Acad. Sci. 1900: 131-136.) 
(1909). Cultures of Uredineae in 1908. (Mycologia, 1: 


6. 
(1929). Plant rusts. (John Wiley and Sons, New York, 


(1934). Manual of the rusts in United States and Canada 

(Purdue Research Foundation, Lafayette, Indiana, 438pp.). 

Bairey, L. H. (1894). Rust in The Quince in western New York. 
(Cornell Univ. Agric. Exper. Sta. Bull. 80: 625-627.) 

Beacu, S. A. (1905). The apples of New York. (New York Agric. 
Exper. Sta. Rep. 1903, Vols. I and II.) 

Cooke, M. C. and C. H. Peck (1871). Note on Podisoma. (Jour. Quekett 
Micr. Club, 2: 255-268.) 

Coons, G. H. (1912). Some investigations of the cedar rust fungus, 
Gymnosporangium Juniperi-virginianae Schw. (Ann. Rep. Nebraska 
Agric. Exper. Sta. 25: 217-245.) 


1935] CROWELL, GYMNOSPORANGIUM CLAVIPES 407 


CraBiLL, C. H. (1913). Production of secondary sporidia by Gymno- 
sporangium. (Phytopath. 3: 282-284.) 

CrowELL, I. H. (1934). The hosts, life history and control of the cedar- 
apple rust fungus Gymnosporangium Juniperi-virginianae Schw. (Jour. 
Arnold Arb. 15: 163-232.) 

(1935). Compilation of reports on the relative susceptibility of 
orchard varieties of apples to the cedar-apple rust disease. (Proc. Amer. 
Soc. Hort. Sci. for 1934. 32: 261-272.) 

— (1935). Unusual developments of cedar rusts on pomaceous 
hosts in 1935. (Plant Disease Reporter, 19: 197-198.) 

Doneg, B. O. (1918). Studies in the genus Gymnosporangium — I. Notes 
on the distribution of the mycelium, buffer cells and the germination of 
the aecidiospores. (Brooklyn Bot. Gard. Mem. 1: 128-140.) 

(1918). Studies in the genus Gymnosporangium — II. Report 
on cultures made in 1915 and 1916. (Bull. Torrey Bot. Club, 45: 
287-300.) 

(1918). Studies in the genus Gymnosporangium — III. The 
origin of the teleutospore. (Mycologia, 10: 182-193.) 

(1922). Studies in the genus Gymnosporangium — IV. Distri- 
bution of the mycelium and the subcuticular origin of the telium in G. 
clavipes. (Amer. Jour. Bot. 9: 354-365.) 

—— (1924). Aecidiospore discharge as related to the character of _ 
the spore wall. (Jour. Agric. Res. 27: 749-756.) 

—— (1924). Expulsion of aecidiospores by the May apple-rust. 
Puccinia podophylli Schw. (Jour. Agric. Res. 28: 923-926.) 

(1931). Studies in the genus Gymnosporangium— V. A de- 
structive red cedar rust disease. (Jour. New York Bot. Gard. 32: 
101-108.) 

—— (1933). The orange rust of hawthorn and quince invades the 

trunk of red cedar. (Jour. New York Bot. Gard. 34: 233-237.) 

Fartow, W. G. (1880). The Gymnosporangia or cedar-apples of the 
United States. (Anniversary Memoirs Boston Soc. Nat. Hist. [Sci. 
Papers, 4], 2pl.) 

— (1881). Notes on Gymnosporangia. (Bull. Torrey Bot. Club, 

8: 85-87.) 

(1885). Notes on some species of Gymnosporangium and Chry- 
somyxa of the United States. (Proc. Amer. Acad. Arts and Sci. 20: 
311-323.) 

Fuxusut, T. (1925). Studies on the apple rust caused by Gymnosporan- 
gium Yamadae Miyabe. (Jour. Col. Agric. Hokkaido Imp. Univ. 15: 
269-307. ) 

Hockey, J. F. (1926). Report of the Dominion field laboratory of plant 
pathology, Kentville, Nova Scotia. (Rep. Dominion Botanist 1925, 


38.) z 
Kern, F. D. (1910). The morphology of the peridial cells of the Roes- 
teliae. (Bot. Gaz. 49: 445-452.) 
(1911). A biologic and taxonomic study of the genus Gymno- 
sporangium. (Bull. New York Bot. Gard. 7: 391-483.) 

MacLacuian, J. D. (1935). The hosts of Gymnosporangium globosum 
Farl. and their relative susceptibility. (Jour. Arnold Arb. 16: 98-142.) 
Muiter, P. R. (1932). The pathogenicity of three red cedar rusts that 

occur on apple. (Phytopath. 22: 723-740.) 
Mitts, W. D. (1929). Cedar rusts, Gymnosporangium Juniperi-virgini- 
ae 88) globosum and G. germinale. (Plant Disease Reporter, Supp. 


408 JOURNAL OF THE ARNOLD ARBORETUM [voL. XVI 


Pappock, W. (1902). Quince rust. (Plant diseases of 1901. Colorado 
Agric. Exper. Sta. Bull. 69: 18-20.) 

Patmer, E. J. (1925). Synopsis of North American Crataegi. (Jour. 
Arnold Arb. 6: 5-128.) 

PaMMEL, L. H. (1905). Cedar apple fungi and apple rust in Iowa. (Iowa 
Agric. Exper. Sta. Bull. 84: 1-36.) 

Peck, C. H. (1873). Report of the Botanist. (Ann. Rep. New York 
State Mus. Nat. Hist. 25[1871]: 57-123.) 

Racan, W. H. (1905). Nomenclature of the apple. (U.S. Dept. Agric. 
Bull. 56, issued 1926, 1-396.) 

Reuoper, A. (1927). Manual of cultivated trees and shrubs. (Macmillan 
and Co., New York, 930pp.) 

ScuHweIni7z, L. D. (1832). Synopsis fungorum in America Boreali media 
degentium. (Trans. Amer. Phil. Soc. II. 4: 141-316.) 

STEINMETZ, F. H. and M. T. Hirgorn (1934). Observations on Gymno- 
sporangium germinale. (Phytopath. 24: 833-834.) 

Stone, G. E. and R. E. Smit (1898). The quince rust. (Rep. Massa- 
chusetts Agric. Exper. Sta. 10: 61-63.) 

StTong, R. E. (1909). Studies of Gymnosporangium in southern Alabama. 
(Torreya, 9: 114-117.) 

Sypow, P. and H. (1915). Monographia Uredinearum. III. 

THaxter, R. (1887). On certain cultures of Gymnosporangium with 
notes on their Roesteliae. (Proc. Amer. Acad. Arts and Sci. 22: 
259-269. ) 

— (1889). Notes on cultures of Gymnosporangium made in 1887 
and 1888. (Bot. Gaz. 14: 163-172.) 

(1891). The Connecticut species of Gymnosporangium (cedar- 
apples). (Connecticut Agric. Exper. Sta. Bull. 107: 1-6.) 

Tuomas, H. E. (1933). The quince rust disease caused by Gymno- 

sporangium germinale. (Phytopath. 23: 546-553.) 
and W. D. Mitts (1929). Three rust diseases of the apple. 
(Cornell Agric. Exper. Sta. Mem. 123: 1-21.) 

———__ ——— (1930). Rust diseases of the apple. (Plant Disease 
Reporter, 14: 214-215.) 

TuseuFr, K. von (1906). Uberwinterung des Birnenrostes auf dem Birn- 
baum. (Nat. Zeits. Land Forstw. 4: 150-152.) ° 

(1907). Perennieren des Aecidien mycels vom Birnenrostpilz. 
(Nat. Zeits. Land Forstw. 5: 217-219.) 

“Wermer, J. L. (1917). Three cedar rust fungi, their life histories and 
diseases they produce. (Cornell Agric. Exper. Sta. Bull. 390: 
507-549.) 


EXPLANATION OF THE PLATES 


Puate 1551 


Fig. 1. Progressive stages are shown in the exposure and rupturing of 
aecial fructifications of Gymnosporangium clavipes on an orchard 
apple. 

Fig. 2. The dark colored lesion was caused by an imperfect fungus. 
Aecial fructifications of G. clavipes are shown on the upper 
portion of the lesion. 

Fig. 3. Infected twig and fruit of Cydonia oblonga, the quince. 


1Figures 1, 2 and 3 were obtained through the courtesy of Mr. K. A. Harrison of 
the Dominion Experimental Farms, Kentville, N. S. 


1935] 

Fig. 4. 
Fig. 5 
Fig. 6 
Bigs 1. 
bigs. 2. 
Bie. 3: 
Fig. 4. 
Fig. 5. 
Fig. 6. 
Higa: 
is, 1. 
Pigee2. 
Hig 3 
Fig. 4 
Fig. 5 
Fig. 6 
Bic. 7. 


CROWELL, GYMNOSPORANGIUM CLAVIPES 409 


This shoot of Amelanchier oblongifolia was inoculated with 
teliospores of G. clavipes. Infection occurred, however, on the 
fruits and pedicels only. 


. Fruits of Crataegus mollis infected with G. clavipes. 
. Fruits of Malus floribunda infected with G. clavipes. 


Piate 156 


Twig and thorns of Crataegus sp. infected with G. clavipes. 
Forced growth of infected buds of Crataegus mollis. The 
diseased buds on the twigs of this species have enlarged greatly. 
Compare with the normal buds on the twig shown on the extreme 
right. 

Another manifestation of the forced growth of infected buds on 
Crataegus sp. On this species the buds and stems have enlarged 
but little while the leaves, though small, have taken on features of 
normal maturity. 

Another manifestation of the forced growth of infected buds on 
Crataegus sp. On this host the buds have swollen considerably 
and the young stems have elongated but the leaves have remained 
quite stunted in their growth. 

Infected shoot of Crataegus Phaenopyrum. This type of symp- 
tom was also found on the English hawthorn, C. Oxyacantha. 

A globose gall-like swelling of an infected twig of C. Oxyacantha. 
Spermogonium of G. clavipes. Note its deep, sunken location and 
rotund form. 
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Normal aeciospore chain of G. clavipes. Note the regular occur- 
rence of aeciospores and intercalary cells. 

Abnormal aeciospore chain. The aeciospores are irregular in 
shape as well as in their arrangement with respect to the inter- 
calary cells. 


. Outline drawings of aeciospores of G. clavipes. 
. Camera lucida drawings of germinating aeciospores of G. 


clavipes. 


. Face and side views of peridial cells of G. clavipes. 
. Outline drawings of peridial cells of G. clavipes. 
. Camera lucida drawings of haustoria of G. clavipes as seen in the 


cells of fruits and twigs of various pomaceous hosts. All forms 
shown may be found in the same organ of any specific host. 
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Fully gelatinized telia of G. clavipes on branches of red cedar. The 
bright red sori are very conspicuous during spring rains. _ 


Fig. 1. 


Fig. 2. 


Migs na: 
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Trunk lesion caused by G. clavipes on red cedar. Lesions are 
typically oval in outline and the bark over them is darker in color 
than normal bark. Note the former location of a branch near the 
center of the lesion. 

Several trunk infections on a red cedar tree. Note that the trunk 
lesions are found in connection with lateral branches; many of 
these have died and been removed. 

Telia of G. clavipes in their last stages of gelatinization. At this 
time they are almost shapeless masses. 
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Fig. 


Fig. 


Fig. 


Fig. 


Fig. 
Fig. 


Fig. 
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. A slight swelling of the twig and a darker color of the bark are 


typical of the lesions on twigs of red cedars. These photographs 
were taken in mid-winter. 


. Cross section of a telium of G. clavipes on J. virginiana. Note 


the pulvinate form of the sorus. 


7 PLate 160 


. Shows diagrammatically the location of the telia and the course 


of extension of the mycelium of G. clavipes over the phellogen of 
its host. This is a camera lucida drawing. 


. The mycelium of G. clavipes in an early stage of extension over 


the new phellogen that has recently connected with the existing 
one. Note that the mycelium is found on the phellogen only of 
its host. 


. Formation of the telial sorus. Buffer cells are in various stages 


of development. It will be observed here also that the mycelium 
does not penetrate beneath the phellogen. 


. Early stages in the development of teliospores. The teliospore 


initials are elongating into the buffer cells. 


. Stages in the maturation of teliospores. These stages are similar 


to those for the maturation of teliospores of G. Juniperi- 
virginianae. 


. Haustoria in the phellogen cells of red cedar. They stand out 


clearly in prepared sections. Two and three haustoria are com- 
monly found in a single host cell. 


LABORATORY OF PLANT PATHOLOGY, 


ARNOLD ARBORETUM, HARVARD UNIVERSITY. 
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THE DISPERSAL OF VIABLE BASIDIOSPORES OF THE 
GYMNOSPORANGIUM RUSTS 


J. D. MacLacHLan 


With two text-figures 


INTRODUCTION 


THE BASIDIOSPORES of Gymnosporangium rusts are thin-walled and so 
are subject to rapid dessication. It would seem then that their effective 
range would be limited to a mile or less but instances have come to the 
attention of the writer which indicate that, under certain circumstances, 
the range may be as great as seven or eight miles. Three of such in- 
stances may be cited. The first was an observation made by Professor 
Roland Thaxter (1887) on basidiospores of G. biseptatum Ellis. He 
found infection on an island off the coast of Maine, eight miles distant 
from the only known source of inoculum. The second instance occurred 
at Lake Wentworth, New Hampshire, and was brought to the attention 
of the writer in the summer of 1933 by Mr. L.S. Mayo. In this locality 
infection by G. clavipes Cke. & Pk. and G. globosum Farl. on Amelan- 
chier and Crataegus, respectively, was found on the northeastern side of 
the lake, while the nearest source of inoculum was from a stand of cedars 
on the opposite side of the same lake, more than six miles distant. The 
prevailing winds were from the southwest and had presumably carried 
the basidiospores across the lake. The third instance occurred in the 
Arnold Arboretum, where infection by G. Juniperi-virginianae Schw. and 
G. globosum Farl. on species of Malus and Crataegus, respectively, has 
been observed during the past three years. On both hosts the infection, 
while slight, was markedly uniform over the entire plantations, indicat- 
ing that the sources of inoculum were considerably removed. A detailed 
scrutiny of the surrounding country revealed that no source of inoculum 
sufficient to produce this infection existed within a radius of more than 
six or seven miles. 

In an effort to explain the occurrence of instances such as those that 
have been described, an airplane collection of basidiospores was made at 
different altitudes over infected cedar areas immediately following a 
rainy period in May, 1934; this was followed by laboratory tests on the 
duration of the viability of basidiospores of G. Juniperi-virginianae when 
subjected to varying temperature and humidity conditions. 
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AERIAL DISTRIBUTION OF BASIDIOSPORES AS INDICATED 
BY AN AIRPLANE COLLECTION 


Two areas were selected in which an abundance of basidiospores were 
being discharged, namely, Waltham, Massachusetts, where heavy but 
restricted infections by G. Juniperi-virginianae and G. globosum existed, 
the other about seven miles distant from Waltham at Cochituate where 
there were approximately three acres of red cedars among which were 
scattered apple trees highly susceptible to G. Juniperi-virginianae ; prac- 
tically every cedar tree in the latter area was heavily loaded with galls of 
G. Juniperi-virginianae. 

On May 5, 1934, ideal conditions prevailed for making such a collec- 
tion. Prior to this date there had been intermittent rain, fog, and sat- 
urated humidity for approximately sixty hours; examination of the in- 
fected cedars showed that basidiospores were being released almost con- 
tinually during this period and no high winds had occurred that would 
scatter the spores beyond the possibility of collection. As the plates re- 
vealed after the flight, the air had been washed relatively free of dust and 
smoke so that little trouble was experienced from such contaminations. 
At the time of flight, namely, 8.30 A. M., the clouds had just broken but 
the air was still saturated with moisture, evidenced by the fact that as 
we left the airport water was precipitated out of the air by the propellor 
and thrown on the windshield of the plane. It happened that a south- 
west wind was blowing directly over the area at Cochituate towards the 
Waltham area. Thus, optimum conditions existed for making the 
collection. 

The spores were collected on petri-plates, each plate containing a thin 
layer of 2% pure bacto-agar. To prevent growths by other fungi no 
nutrients were added. Previous tests showed that the basidiospore 
would germinate freely on the agar alone and since they do not grow on 
artificial media, germination was taken as sufficient evidence that the 
basidiospores were viable. Crude but efficient holders for the plates were 
made by using circular lids, whose diameters were slightly greater than 
that of a petri-plate, attached to the ends of wooden rods two and one- 
half feet in length. Wire clamps that could be opened readily served to 
hold the plates in place while the exposures were being made. 

Continuous exposures of one minute each, one overlapping the next 
by fifteen seconds, were made by removing the cover, clamping the open 
plate in the holder and immediately thrusting the latter out through the 
window the length of the handle so that the holder rested on a wind strut. 
Alternate exposures were made from each side of the plane on numbered 
plates. At the same time the course of the flight was outlined on a map 
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and by marking the position of the plane at the end of each minute it 
was not difficult to determine afterwards the exact area over which the 
plate had been exposed. 

Exposures were made from within about one mile of the first source 
of spores (the Waltham area) three times at an altitude of 200 feet, then 
directly into the wind at an altitude of 500 feet for seven miles to the 
Cochituate area. Over the latter area four flights were made at 100 ft. 
altitude, then two flights each at altitudes of 500 ft., 1000 ft., 1500 ft., 
and 2000 ft., respectively, finally directly with the wind at an altitude of 
2000 ft. for ten miles, bringing us back again over the Waltham area. 
The average speed during the flight was about 85 miles per hour. Figure 
1 illustrates the course of the flight. 


2000 FT. ————+ 


2000FT.. 20-45 = 44 —j—4—3—43-s-— $8 oe 


, ISOOFT. ——35(01__ 


its 200) J 
$ 8 1000 FT... a 500 FT. 
Nu 


SOOFT. 24ii2)__/ 9 8 7 200 FT. 
707)-.. 2206) _. Die ae Lk oe Ga iga 
100 a 
.--SEA LEVEL 
COCHITUATE LIGHT SCATTERED INFECTION WAL 


HAM 
INFECTION INFECTION 


SCALE 
—S— — 
SMILES 


Ficure 1. Illustration of the course of the flight over the areas of 
infected cedars. 


Norte: Each line represents a single exposure; the number in parentheses, below 
the plate number, indicates the number of spores caught on 20 sq. cm. of the plate. 
The topography of the land is shown in profile (from U. S. Geological Survey maps). 


Five hours after the flight the plates were placed in the refrigerator at 
0° C. and spore counts begun. An area enclosing twenty square centi- 
meters was ruled off on the lower side of each plate prior to making the 
count. Within the area fine parallel lines were ruled, the distance be- 
tween any two adjacent lines being slightly less than twice the diameter 
of the field covered by the low power of the microscope. The plates were 
examined from the upper side (lids removed). By moving the plate on 
the microscope stage so that a line (visible though out of focus) was 
just perceptible on one side of the field, and returning across the plate 
so that the next line was just in view on the other side of the field, the 
area enclosed was completely covered without the possibility of either 
overlapping or omitting any of the plate surface to be examined. 

The basidiospores were distinguished from other spores caught on the 
plates by (1) the characteristic yellowish color of their protoplasm as 
seen under strong light, (2) the size and shape of the spores and (3) the 
characteristic germ tubes when present. As a means of comparison 
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basidiospores of G. Juniperi-virginianae and of G. globosum were allowed 
to drop on similarly prepared plates from gelatinized telial masses; these 
two preparations were used for constant reference during the examina- 
tion of the plates. 

Table I gives, for the respective plates, the region over which each 
collection was made, the plate number, the number of spores found on 
twenty square centimeters of the plate and finally the number of spores 
exhibiting germ tubes. 

TABLE I 


DATA OBTAINED BY MEANS OF AN AIRPLANE COLLECTION OF 
BASIDIOSPORES OF THE GYMNOSPORANGIUM RUSTS 


Altitude Plate Total No. spores 

Region in ft. No. spores germinated 
Over Waltham 200 1 7 4 
infection ji 4+ i, 
3 Z 1 
Between Waltham 500 4 0 0 
and Cochituate 5 4 2 
infections 6 0 0 
7 9 4 
8 R) 0 
9 8 2 
10 10 5 
11 18 8 
Over Cochituate 100 12 12 3 
infection 13 29 9 
15 20 10 
17 17, 5 
500 22 8 3 
24 als 5 
1000 27 2 0 
29 2 0 
1500 33 0 0 
35 0 0 
2000 40 0 0 
42 0 0 
Between 2000 43 0 0 
Cochituate 44 3 1 
and Waltham 45 4 1 
infections 46 i! 0 
47 2 0 
48 0 0 
49 0 0 
50 3 1 
51 0 0 


Total spores identified — 182 
Total spores germinated — 65 
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The count included only those basidiospores of unquestionable iden- 
tity. Spores that were embedded in the agar from the force of impact 
and could not be identified accurately due to the air spaces around them, 
as well as the spores which had burst when they hit the agar, were not 
considered. Certain plates exposed during turning or gaining altitude 
over the Cochituate area were omitted due to the difficulty in determin- 
ing the exact location over which these plates were exposed (see Fig. 1). 

As may be seen from Table I or Fig. 1, basidiospores were picked up 
almost continuously during the entire flight. Approximately one-third 
of them exhibited germ tubes at the time of examination. A sharp in- 
crease in the number of spores collected was evident as the large area at 
Cochituate was approached. Over this area there was a rapid decrease 
in the number of spores collected with increase in altitude, no spores 
being collected at 1500 ft. altitude; this may be accounted for by the fact 
that the wind was carrying the spores away from the immediate cedar 
area below a ceiling of 500 to 1000 ft. It is interesting to note, however, 
that spores were again picked up on the returr flight (going with the 
wind) at an altitude of 2000 ft., a mile or so from this area (Fig. 1). 
The number of spores picked up over the Waltham area was much 
smaller than that over the Cochituate area; this coincided with a smaller 
amount of infection in the former area. 

Before drawing any conclusion from the data obtained as to how far 
viable basidiospores may travel, the area over which the flight was taken 
was carefully examined to determine how much infection existed between 
the two main areas of infection. The survey revealed that scattered in- 
fection loci existed within less than one-half mile of each other over the 
entire area. Thus, although viable basidiospores were found over the 
entire flight it was impossible to determine the exact location of their 
source of dissemination and consequently the distance they had travelled. 


DURATION OF THE VIABILITY OF BASIDIOSPORES OF G. 
JUNIPERI-VIRGINIANAE WITH RELATION TO THE 
FACTORS OF TIME, TEMPERATURE AND 

HUMIDITY ~ 


A knowledge of the length of time during which the basidiospores will 
live when they are subjected to varying temperature and humidity con- 
ditions should, indirectly, give an indication of the distance that the 
basidiospores may travel and still have the potential ability to produce 
infection. Reed and Crabill (1915) state that five to ten days is the life 
limit of basidiospores of G. Juniperi-virginianae in an air-dry condition. 
They also state that in direct sunlight the spores are killed within two to 
five hours; sunlight, then, may be a limiting factor in determining the 
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longevity of the basidiospores. However, as has been stated previously, 
dispersal takes place during rainy weather, under which circumstances 
the basidiospores might travel many miles under the cloud line. 

Laboratory tests were conducted in which fresh’ basidiospores were 
subjected to temperatures ranging from 0° to 35° C. at five degree inter- 
vals and humidities ranging from 0% to 100% at twenty-five percent 
intervals. After varying lengths of time samples of the spores were re- 
moved from the respective environmental combinations and tested for 
germination. 


Ficure 2. The type of humidity chamber used in testing the duration 
of the viability of basidiospores. (Explanation in text.) 


Such an experiment required eight constant temperature chambers. 
Refrigerators kept in a warm room and equipped with thermostats that 
kept the temperature constant within 0.5° C. served for the 0, 5, and 
10 degree chambers; temperatures of 15, 20, 25, 30 and 35 degrees were 
maintained in De Khotinsky ovens kept in a cold room at 4° C. 

For humidity chambers Kolle culture flasks proved to be very efficient; 
they were of convenient size, exposed a large surface of the humidity con- 
trolling agent with respect to the volume of the flask and could be opened 
without altering the humidity within the flask to any great extent. 
Figure 2 illustrates a typical chamber. 
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Zero percent humidity was obtained by placing a layer of dry CaCl, 
in the bottom of the flask. Humidities of 25%, 50% and 75% were 
obtained by using aqueous solutions containing, respectively, 55.1%, 
42.8% and 29.9% of H,SO,. These values were taken from data given 
by Wilson (1921) and are approximately half way between the values 
given for the respective humidities at temperatures of 0° C. and 25° C. 
The greatest difference in percentage of H,SO, to maintain any of these 
humidities over a temperature range of 0° C. to 25° C. is 1.6, which 
would be insignificant when considering such wide humidity intervals. 
Enough H,SO, solution was poured into each flask to cover the bottom 
to a depth of about one centimeter. The lip between the flask proper 
and the neck served to prevent the H,SO, solution from running out. 
The mouths of the flasks were closed with covers made by cutting gum- 
rubber tubing of the appropriate diameter into four-inch lengths and 
- sealing one end with rubber cement. Such flasks could not be used for 
100% humidity as water of condensation would form inside the flask on 
the flat upper surface and drop on the spores. To eliminate this diffi- 
culty, small dome-shaped bell-jars were placed inside moist chambers 
containing distilled water; this type of chamber allowed any water of 
condensation to run down the sides of the dome. 

Small trays of a size that two would conveniently slip into each flask 
and hold the cover glasses bearing the spores well above the humidity 
controlling agents were made out of wire screening. These were coated 
with paraffin (melting point 56° to 58° C.) to prevent the water or 
H,SO, from coming in contact with the spores as well as prevent corrosion 
of the trays by the H,SOQ,. 

A complete set of humidity chambers from 0% to 100% was placed 
in each of the respective temperature chambers twenty-four hours before 
the experiment started. In this way the temperature and the humidity 
within the flasks were brought to a definite equilibrium before the spores 
were introduced. 

Telial material of G. Juniperi-virginianae was collected in the field, re- 
moved from the galls and soaked in water to form a thick gelatinous 
paste. This was smeared over the tops of the inside of large glass moist 
chambers, which were then set over clean cover glasses arranged in solid 
squares. Approximately five hundred cover glasses were placed under 
each chamber. The teliospores germinated and released an abundance 
of basidiospores, which fell on the cover glasses in a very uniform layer. 
Excess water was avoided in preparing the telial smears to prevent any 
condensation on the cover glasses; otherwise the basidiospores would 
germinate immediately. Ten hours after this experiment was set up 
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the cover glasses bearing the basidiospores were removed and immedi- 
ately placed on the trays within the series of humidity flasks in the re- 
spective temperature chambers. Fifteen cover glasses with the spores 
on the upper surfaces were placed in each unit. It is essential that the 
cover glasses are not inverted, as water of condensation in the 100% 
humidity chambers would form on the spore surfaces; no trouble was 
experienced from such condensation when the cover glasses were arranged 
so that the spores were on the upper surfaces. 

At the same time three cover glasses bearing fresh basidiospores were 
inverted over Van Tieghem cells which were placed in a petri-plate 
lined with wet filter paper. Sufficient water of condensation formed on 
the lower (spore) surfaces of the cover glasses for optimum germination; 
the addition of more water causes irregularity in the rate of germination. 
This culture chamber was then placed in a temperature chamber main- 
tained at 18° C. and the percentage germination was determined twenty- 
four hours later by counting five hundred spores on each cover glass. 
This count gave the percentage germination when the basidiospores were 
fresh and was used as the basis of comparison for all succeeding counts. 

At intervals, given in Table II, one cover glass was removed from each 
unit of the complete series, set up for germination as described above, 
and the percentage germination of five hundred spores on each cover glass 
determined twenty-four hours later. 

By this experiment the relative effect of the three factors, temperature, 
humidity and time on the potential viability of the basidiospores of G. 
Juniperi-virginianae was determined. Table II presents the data ob- 
tained. 


Analysis of these data reveals certain significant facts: 


(1) The basidiospores are killed at 0% humidity at all temperatures 
within at least twenty-two hours time. Practically speaking this is of 
no importance because such an environment is never attained in the field. 

(2) Above a temperature of 30° C. the basidiospores died within 
twenty-two hours under all humidity conditions. This is also of little 
practical significance as such temperatures are rarely if ever attained 
during wet periods in early May. 

(3) Above a humidity of 25% and below a temperature of 25° C. 
the spores could live a sufficient length of time to blow many miles and 
still remain viable; such humidity and temperature conditions prevail 
during the normal dispersal of basidiospores of the Gymnosporangium 
rusts. Below a temperature of 10° C., as far as humidity and tempera- 
ture alone are concerned, the spores can remain viable for more than a 
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TABLE II 


DATA ON THE PERCENTAGE GERMINATION OF BASIDIOSPORES OF 
G. JUNIPERI-VIRGINIANAE THAT MAY BE OBTAINED AFTER THE 
SPORES HAVE BEEN SUBJECTED FOR VARYING LENGTHS OF 
TIME TO DIFFERENT TEMPERATURE AND HUMIDITY 
CONDITIONS 


TEMPERATURE of 0 C. 


% germination after subjection 
to humidities of 


of 25% «sof 78K =~ 1008 
0.0 73.0 82.2 81.6 70.6 
0.0 64.6 78.0 78.0 57.4 
0.0 53.4 73.4 74.2 74.2 
- 50.6 72.4 59.8 60.0 
- 47.2 53.6 56.0 42.4 
- 44.8 51.4 50.6 44.2 
- 0.0 53.0 42.4 42.8 
- 8 0.0 37.4 lost 
- 0.0 0.0 0.0 0.9 
- 0.0 0.0 0.0 0.0 


TEMPERATURE of 10 C,. 


% germination after subjection 
to humidities of 


of 25% sof 9 75h 1008 
0.0 83.6 88.6 88.2 88.6 
0.0 72.8 78.4 82.4 79.4 
0.0 lost 66.2 78.4 80.8 
- lost 56.6 §2.2 70.6 
- 58.2 62.8 60.4 73.2 
- 25.2 55.8 44.4 71.6 
- 0.0 57.6 1.6 53.0 
- 0.0 10.2 5.2 59.2 
- 0.0 1.6 8 22.4 
- - 0.0 0.0 0.0 


TEMPERATURE of 20 C. 


% germination after subjection 
to humidities of 


of 25k sox 78k ©1008 
0.0 82.0 79.6 76.4 90.6 
0.0 46.8 60.2 72.2 64.6 
0.0 43.4 43.0 82.2 62.4 
- 0.0 0.0 0.0 1.6 
- 0.0 0.0 0.0 1.0 
- 0.0 oO. 0.0 2.0 
- - o> - 0.0 
- - - - 0.0 
- - - - 0.0 


TEMPERATURE of 30 C. 


% germination after subjection 
to humidities of 


% 25% Som 75% 100% 
Bi. 6,01 0.9 070. * 0,0 
Bog Wa.0"'G.0.¥ 56.0 tioio 
0.0 0.0 0.0 0.0 0.0 


TEMPERATURE of 5 C. 


% germination after subjection 
to humidities of 


of 28% sof 75% 00K 
0.0 82.6 88.0 89.6 81.2 
0.0 80.2 86.8 84.6 80.4 
0.0 73.4 85.6 79.0 79.6 
- 64.0 60.6 61.4 45.8 
- 61.6 61.4 63.2 50.2 
- lost 59.4 61.6 52.8 
~ 0.0 52.8 59.6 52.4 
- 0.0 26.0 36.2 53.0 
- 0.0 32.4 41.4 lost 
- - 0.0 28.8 45.0 


TEMPERATURE of 15 C. 


% germination after subjection 
to humidities of 


Of 25% Ok 75% 1008 
0.0 lost lost 76.6 80.2 
0.0 3.2 10.2 76.8 83.9 
0.0 0.0 0,0 4.6 72.2 
- 0.0 0,0 0.0 55.3 
- 0.0 0.0 0.0 4,2 
- - - 0.0 2.0 
- - - - 0.0 
- - - - 0.0 
- - - - 0.0 


TEMPERATURE of 25 C. 


% germination efter subjection 
to humidities of 


Ok 25% 506 | 75X00 
0.0 2 4.8 4.8 71.4 
0.0 0.0 0.0 0.0 76.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 

0.0 


TEMPERATURE of 35 C. 


&% germination after subjection 
to humidities of 


%& 2L Sk WE 004 
B05 C0 0.0.5 0.0. 0x0 
e097 aya P%9.0°7 "0.0 
650° 0.0 6.0 50.0 0.0 
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week; while at high humidities and a temperature of 5° C. they can 
live for more than twenty-five days. 

Whether the basidiospores of other Gymnosporangium rusts have the 
same potential viability exhibited by G. Juniperi-virginianae in this ex- 
periment is not known. Such may very well occur. 


CONCLUSION 


The data obtained from the airplane collection on the aérial distri- 
bution of the basidiospores and from the laboratory tests on the longevity 
of basidiospores of G. Juniperi-virginianae afford a possible explanation 
of the occurrences, described at the beginning of this presentation, of 
infection several miles from the source of inoculum. The infection that 
occurred in the first two instances described may have been facilitated 
by the fact that the basidiospores had an unobstructed passage over 
water where the humidity was relatively high and the temperature low- 
ered to some extent. 


BASIDIOSPORE DISPERSAL AND THE PRACTICE OF 
CEDAR ERADICATION 


A tremendous number of basidiospores may be released from a large 
stand of infected cedars; moreover, as has been shown in this presenta- 
tion the basidiospores, when subjected to the environmental conditions 
that are met during their dispersal, have the ability to live for a suffi- 
cient length of time to be carried many miles. The question then arises 
as to why effective control of the cedar-apple rust has been repeatedly 
obtained by the removal of the red cedar within a radius of one to two 
miles from the pomaceous host. 

An explanation of this question may be afforded by certain factors 
‘that are necessarily involved before injurious infection of the pomaceous 
host can take place: 

(1) The rapidity with which the area of any circle described around a 
locus of infection increases with increase in radius would dilute the spore 
population correspondingly; the area enclosed within a radius of one 
mile involves an area of more than eighty-seven and one-half million 
square feet, while a radius of ten miles would involve an area of one 
hundred times that or between eight and one-half and nine billion square 
feet. 

(2) The infection resulting from a basidiospore is not systemic in 
the host but is restricted to a small area on a single leaf, fruit or twig. 
Several lesions per leaf are required to materially injure the tree and 
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when one considers the hundreds of thousands of leaves on a single large 
tree, a tremendous number of basidiospores must fall within the area 
occupied by that tree and successfully produce infection before the 
foliage is materially injured. 

(3) So far as is known, aeciospores cannot reinfect the same host; 
consequently, the amount of infection on any one tree is limited to the 
number of lesions originating from the basidiospore infections in the 
spring. It is very fortunate that such a short cycle does not exist; other- 
wise it would be very difficult to grow a susceptible host in any region 
where these rusts are present. 

(4) One cannot assume that every basidiospore that alights on a host 

tree will produce infection; many must die before the germ tubes can 
penetrate the proper host tissue. 
_ When the factors outlined above are fitted into the picture one can 
readily see that, in spite of the tremendous output of basidiospores and 
the length of time that they are able to live under the conditions that are 
met during their dispersal, eradication of the red cedar within a radius of 
one to two miles would ordinarily be sufficient to amply protect the alter- 
nate host from any injurious infection. 


SUMMARY 


Instances have been recorded to show that the basidiospores of at least 
certain of the Gymnosporangium rusts can produce infection on alter- 
nate hosts that are removed from the source of inoculum by several miles. 

Attempts were made to explain the occurrence of such instances; the 
investigations included an airplane collection of basidiospores over in- 
fected cedar areas as well as laboratory tests on the duration of the via- 
bility of basidiospores of G. Juniperi-virginianae Schw. with respect to 
the factors of time, temperature and humidity. 

The results of these investigations revealed that viable basidiospores 
are present in the air during rainy periods in early May at altitudes of 
at least 2000 feet and that basidiospores of G. Juniperi-virginianae can 
live for many days under the environmental conditions that prevail dur- 
ing their normal dispersal. These results give a possible explanation of 
the occurrence of infection on pomaceous hosts that are removed by 
several miles from the source of inoculum. 

- Experience has shown that eradication of the red cedar within radii of 
one to two miles will, ordinarily, amply protect the pomaceous host from 
injurious infection by the Gymnosporangium rusts. Certain of the fac- 
tors which make possible the efficiency of this means of control have been 
presented. 
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CHROMOSOME STRUCTURE AND BEHAVIOR IN 
MITOSIS AND MEIOSIS 


HALLY JOLIVETTE SAX AND Kart Sax 


With plates 161-164 


A stupy of chromosome structure and behavior at mitosis and meiosis 
has been made in order to compare the two types of divisions and to aid 
in the analysis of the mechanism of meiosis. This work is based on a 
comparison of chromosome lengths at different stages in the mitotic and 
meiotic cycles, and the relation of these changes to the internal structure 
_ of the chromosomes. 

The chromosome cycle in mitosis and meiosis has been studied in 
Tradescantia paludosa, Vicia faba, Lilium regale, and in Allium Cepa. 
The length of the chromosomes at various stages was also obtained in 
somatic cells of Trillium grandiflorum, and some work was done on the 
meiotic divisions in Secale cereale and in Zea mays. Recent advances 
in cytological technique have made possible a fairly accurate study of 
the length and structure of the chromosomes at various stages in the 
mitotic and meiotic cycles. 

The meiotic figures were obtained from microsporocytes which were 
smeared on a dry slide, pretreated with 30 percent alcohol containing 
about six drops of ammonia water per 50 cc., and fixed and stained with 
aceto-carmine, or fixed in Flemming’s solutions and stained with crystal 
violet iodine. The best preparations of somatic divisions were obtained 
from young microspores. After smearing on a dry slide they were pre- 
treated with the alcohol ammonia for about a minute and then fixed 
either in aceto-carmine or Flemming’s solution. Root tips were fixed 
for 12 to 15 hours in a mixture of absolute alcohol (70 cc.) and glacial 
acetic acid (30 cc.) and then macerated in a drop of aceto-carmine. In 
all cases the aceto-carmine smears were heated to clear-the cytoplasm 
and the cover glass pressed to flatten the cells. The preparations were 
then sealed or made permanent by McClintock’s method. The aceto- 
carmine preparations showed almost as much detail of structure as those 
fixed in Flemming’s solutign, and since the cells fixed in aceto-carmine 
could be flattened, these preparations were used in measuring chromo- 
some lengths and were photographed to illustrate the various stages in 
mitotic and meiotic cycles. 


424 JOURNAL OF THE ARNOLD ARBORETUM [VoL. XvI 


THE MITOTIC CYCLE IN TRADESCANTIA MICROSPORES 


At anaphase of the second meiotic division each chromosome consists 
of two spiral chromatids. When the chromosomes pass into the 
resting stage the chromonemata tend to uncoil and form a loose spiral 
structure which completely fills the nucleus. Well fixed preparations 
show distinct chromatic threads loosely coiled in the resting nucleus 
rather than a reticulate network (Plate 161, photo 1). At early pro- 
phase the nucleus enlarges and the spiral chromosomes are more easily 
observed (Plate 161, photo 2). The chromatids of each chromosome 
are so Clearly associated that the doubleness is hardly discernible, a con- 
dition also observed by Kuwada and Nakamura (1935). As the pro- 
phase continues the coils tend to straighten out and at the same time 


there is evidence of a new coiling in the closely associated chromatids 


(Plate 161, photo 3). At this stage there is little evidence of the double 
thread structure of the chromosomes even though they appear to be 
two-parted at the preceding anaphase. When the old coils are straight- 
ened out so that the spireme thread can be followed at all loci, there is 
clear evidence of a longitudinal split and each chromatid is independently 
coiled (Plate 161, photo. 4). These new coils apparently shorten the 

chromosomes and draw out the old coils persisting from the previous 
anaphase of the second meiotic division. The chromosomes continue to 
shorten during anaphase and the chromatids become thicker and more 
clearly separated (Plate 161, photo. 5). There is some tendency for 
the two chromatids of a chromosome to be twisted about each other, but 
at most only two or three twists occur. These are usually eliminated by 
metaphase although overlaps and an occasional twist is found at this 
stage (Plate 161, photo. 7). 

In preparations fixed without pretreatment, tere is little or no evi- 
dence of the coiled chromosome structure at metaphase (Plate 161, 
photo. 6). The two chromatids of each chromosome usually can be 
identified although with certain. types of fixation and staining the meta- 
phase chromosomes appear as single rods. After effective pretreatment 
of the microspores the coiled chromatids can be seen at early metaphase 
and at anaphase (Plate 161, photos. 7, 8,9). The diameter of the chro- 
matid is so near the limit of microscopic resolution that it has not been 
possible to determine the direction of coiling, nor can the number of coils 
be determined accurately, but there appear to be about twenty-five coils 
in each chromatid (Plate 161, photo. 8). When the chromatids are 
twisted about each other at early metaphase the chromosome appears to 
be constricted at the point of overlap as is shown in the chromosome at 
the right in photo. 7 of Plate 161. 
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Each chromatid at metaphase and at anaphase usually appears to con- 
sist of a single coil, but there is some evidence that these chromatids con- 
tain two threads which are coiled together. In the first meiotic division 
the major coils are so closely associated that they appear as a single coil 
unless lightly stained, but at late metaphase the two coils separate and 
lie parallel. In the somatic chromosomes the two coiled threads in the 
anaphase chromosome do not separate enough to appear as two parallel 
coils, and the diameter of the chromatids is too small to permit the direct 
observation of two chromatic threads coiled together, but there is appar- 
ently a tendency for the two coils to separate so that when a twist occurs 
in an anaphase chromosome there is a constricted locus at the twist (Plate 
161, photo. 9). Such constrictions may be observed even in the chroma- 
tids at early metaphase (Plate 161, photo. 8). 

The chromosomes at late telophase appear so compact that little 
detail in structure can be observed, but as they elongate at later stages 
the coiled chromonemata expand and irregular coils and corrugations 
may be observed. The chromaticity of the chromosomes is reduced so. 
that it is not possible to follow the coiling in any single chromosome and 
the entire nucleus is filled with loosely coiled chromonemata in the 
resting stage. 

The somatic divisions observed in aceto-carmine preparations of root 
tips did not show the detail of the structure found in the microspores, 
but the general behavior is the same, except that the root tip chromo- 
somes are longer than those of the microspore at the metaphase stage of 
division. 


THE MITOTIC AND MEIOTIC CYCLES IN VICIA FABA 


The early prophase stages in root tips of Vicia faba show the irregular 
spiral chromonemata. At this stage the chromatic threads appear to be 
single at most loci. As the spireme threads tend to straighten their dual 
nature is easily observed at all points (Plate 162, photo. 1). The chroma- 
tids are twisted about each other to a greater extent than is found in 
Tradescantia, and as many as five or six twists may be observed in a 
single chromosome. The chromatids appear to be independently coiled 
in small loose spirals at this stage. During later development the chro- 
matids thicken and shorten until metaphase, but we have been unable 
to observe the internal structure at this stage. The anaphase chromo- 
somes seem to show a double spiral structure (Plate 162, photo. 2), but 
not as clearly as in the figures published by Sharp (1929). 

The prophase stages in the microspore nucleus are more difficult to 
follow, presumably because of the rather thick wall of the microspore, 
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and the metaphase and anaphase stages show little or no detail of struc- 
ture (Plate 162, photos. 6, 7,8). The lengths of the prophase spireme 
and of the metaphase and anaphase chromosomes can be obtained, and 
it was found that the microspore chromosomes are shorter than those of 
the root tip cells at metaphase and anaphase. 

The early meiotic stages were not studied in detail, but measurements 
were made of the pachytene spireme. There is a great reduction in chro- 
mosome length between pachytene and the first meiotic metaphase. The 
meiotic chromosomes at the first meiotic metaphase are even shorter than 
the metaphase chromosomes of the microspore mitosis. The long ‘“‘m” 
chromosome has an average chiasma frequency of about 6 while the 
average chiasma frequency of the short ‘“‘m” chromosomes is about 3 
(Plate 162, photo. 3). The chromonemata are coiled in major spirals at 
metaphase and at anaphase (Plate 162, photo. 4). A description of these 
coils will be presented in a later paper. At late anaphase the meiotic 
chromosomes contract considerably (Plate 162, photo. 5). During the 
second meiotic division the major coils may persist, but frequently they 
are completely eliminated at this time and the chromosomes at anaphase 
appear as straight rods. 


THE MITOTIC AND MEIOTIC CYCLE IN LILIUM REGALE 


The root tip preparations of L. regale showed only the more general 
features of chromosome behavior. The prophase and metaphase stages 
were clear enough to provide measurements of the mitotic chromosomes 
(Plate 163, photos. 3 and 4). 

The pachytene stages of meiosis showed the association of chromo- 
meres as described by Belling and others. The pachytene chromosomes 
are much thinner and longer than the chromosomes of the “‘spireme” in 
root tip cells (Plate 163, photo. 1). The chromosomes of the first meiotic 
_ division are much shorter than the somatic chromosomes (Plate 163, 
photo. 2). There is clear evidence of major coils in these meiotic chromo- 
somes and the average chiasma frequency is about 3 per bivalent. 

The microspores did not provide good preparations for prophase 
stages, but Dr. W. S. Flory obtained metaphase figures in another species 
‘which could be measured. 


OBSERVATIONS OF CHROMOSOMES IN TRILLIUM, ZEA, 
ALLIUM AND SECALE 
Root tip preparations of Trillium grandiflorum provided prophase and 
metaphase figures which could be measured for comparison with cor- 
responding stages in other genera. The prophase spireme in somatic 
cells is not so clearly split as is the case in Tradescantia and Vicia (Plate 
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163, photo. 5). The contraction of the chromosomes from the prophase 
spireme to metaphase is less than it is in the other genera which have 
been studied, and the metaphase chromosomes are very long (Plate 163, 
photo. 6). There is some twisting of sister chromatids about each other 
even at metaphase. 

We have made no detailed study of Zea chromosomes, but McClin- 
tock’s figures (1933) show about an 11 to 1 reduction in length between 
pachytene and the first meiotic metaphase, and according to McClintock 
(personal communication) the ratio may be as great as 15 to 1. 

The meiotic cycle in Allium Cepa is especially clear for a study of 
chromosome contraction from pachytene to metaphase (Plate 164, 
photos. 3-6). The association of chromomeres can be observed at 
pachytene and the number of nodes is greatly reduced from early diplo- 
tene to metaphase. Most of these points of contact seem to be twists or 
overlaps. 

A few measurements of mitotic and meiotic chromosomes were ob- 
tained from Secale cereale. The structure of the meiotic chromosomes 
has been described in some detail in an earlier paper (Sax, 1930). 


CHROMOSOME LENGTH AT VARIOUS STAGES IN MITOSIS 
AND MEIOSIS 

We have obtained measurements of chromosome lengths at prophase 
and metaphase in mitotic and meiotic cells of the various species exam- 
ined. The prophase measurements of root tip cells were made after the 
old coils were straightened out and the new coils were started, the so- 
called spireme stage of mitosis. The cells were flattened so that most 
of the spireme could be drawn in two focal levels. The measurements 
of the chromosomes were made from camera lucida drawings, and no 
attempt was made to determine the additional length caused by fore- 
shortening of threads passing through several focal levels. The lengths 
of the pachytene chromosomes were easier to obtain, but even these are 
only approximate. The meiotic chromosomes at metaphase form loops 
between chiasmata and we have tried to include these in our measure- 
ments of Vicia and Lilium chromosomes. The anaphase chromosomes 
in both mitosis and meiosis are essentially the same length as the meta- 
phase chromosomes in some species so that anaphase figures were occa- 
sionally included in determinations of metaphase lengths. In view of 
the technical difficulties involved in determining comparable stages and 
in obtaining the prophase measurements, the results are only approxi- 
mate, but the differences in chromosome contraction in mitosis and 
meiosis are so consistent that they must be of some significance. The 
data obtained are shown in Table I. 
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TABLE I 


Average chromosome length in microns at prophase (P) and metaphase (M) in 
meiotic and somatic divisions. The number (n) of cells measured is indicated. 


Root tip Meiotic Microspore 
Species jc aire Si ie ey erie ve NP ty ME 
Vicia faba 4 48 5 13 Zu 984d aD Ay, 36 4 2g) 
Tradescantia sp. a ae aed 3.81.9 9 861. Soele 
Lilium regale Sd ee A Op Ls 1 ee | 
Trillium grandiflorum 1 91 2 40 
Secale cereale 12378 Le IVECO RLS 
Allium Cepa 4 69 1 9 


In every case where meiotic and mitotic prophases are compared the 
meiotic pachytene chromosomes are much longer than those at the 
somatic prophase spireme. The ratios range from about 1.4:1 in Trade- 
scantia to about 2.4:1 in Lilivm and the average ratio for all species 
examined is about 2:1. 

The reduction in chromosome length from prophase to metaphase is 
much greater in meiosis than in mitosis. The chromosomes at pachy- 
tene are from 7 to 11 times as long as the chromosomes at meiotic meta- 
phase and the ratio may be even more extreme in certain species. In 
root tip cells the prophase chromosomes are shorter, but the metaphase 
chromosomes are longer than the corresponding stages of meiosis. Con- 
sequently the reduction in chromosome length from prophase to meta- 
phase is much less in root tip cells, ranging from less than 2:1 in Liliwm 
to about 4:1 in Vicia. 

The metaphase chromosomes of the microspore are shorter than those 
of the root tip cells, but longer than the meiotic chromosomes at first 
metaphase. The technical difficulties in measuring microspore chromo- 
somes probably is responsible for the shorter prophase measurements in 
microspores of Vicia as compared with corresponding stages in root tip 
cells. 

The outstanding feature of these comparisons in chromosome length 
is the consistent and striking difference in the degree of chromosome 
contraction in mitosis and meiosis. For the species examined the average 
degree of chromosome contraction between pachytene and the first 
meiotic metaphase is about 8.6:1, while for comparable stages in mitosis 
in root tip cells the ratio is about 2.6:1. In view of the method of calcu- 
lating chromosome lengths and the greater difficulty in measuring 
somatic prophases, these average ratios may be considered approximately 
as 9:1 and 3:1 respectively. 

Another bit of evidence should be considered before discussing the 
possible significance of these observations. In general it is well known 
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that the meiotic cycle is a leisurely process. The resting stage of the 
sporocyte may be of short duration in certain species, but the early 
prophase is prolonged, and in certain conifers the microsporocytes may 
remain in the early prophase stage for several months (Sax and Sax, 
1933). The pachytene stage is prolonged in most species of plants and 
animals judging by the ease and frequency with which this stage is 
found. The development from pachytene to metaphase may be rather 
rapid, but the first metaphase stages, interphase, and second meiotic 
division are more prolonged. The meiotic cycle from early prophase to 
tetrad formation in the microsporocytes of Tradescantia requires about 
six days (Sax and Edmonds, 1933). The somatic cycle in the microspore 
of Tradescantia is much more rapid. The prophase stage is not initiated 
until vacuolation of the microspore cytoplasm, and the development from 
this stage to the formation of the daughter nuclei occurs in about three 
days at most. We have no data regarding the time required for the 
mitotic cycle in root tips of Tradescantia, but the duration of mitosis in 
stamen hairs of Tradescantia is less than two hours at normal tempera- 
tures (Tischler, 1922). Laughlin (1919) found that the entire mitotic 
cycle requires only four hours in Allium Cepa, at a temperature of 20 
degrees C. The duration of the development from the time that a 
definite spireme can be observed until the separation of sister chroma- 
tids appears to be much longer in meiosis than it is in mitosis, and it 
seems probable that the mitotic cycle is more rapid in root tips than in 
microspores. 


THE MECHANISM OF CHROMOSOME CONTRACTION IN 
MITOSIS AND MEIOSIS 

The chromonemata of mitotic chromosomes in Tradescantia are in the 
form of minor spirals at anaphase in the second meiotic division, the 
division of the microspore nucleus, and presumably in all other mitotic 
divisions (Cf. Sharp, 1934). As the chromosomes pass into the resting 
stage the spirals tend to uncoil and fill the nucleus with loosely and 
irregularly coiled chromonemata. These old coils are never straightened 
out before the new coiling is initiated in the prophase for the next divi- 
sion. The new coils contract the chromonemata and apparently aid in 
drawing out most of the old spirals persisting from the previous division. 
At this point the chromosomes are in the typical “spireme” stage and 
their lengths can be measured approximately. The new coiling can be 
observed during the later prophase stages, and at metaphase there are 
about 20 to 25 minor spirals in each chromosome. The microspore 
chromonemata are compactly coiled at metaphase. Judging from the 
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relative lengths of the metaphase chromosomes in microspores and root 
tips, the chromonemata of the latter are not so tightly coiled (Cf. Sharp, 
1934). In general the development of the minor spirals reduces the 
chromosome length about 70 percent between the prophase spireme and 
metaphase in root tip cells, and even more in microspore cells. At no 
period in the mitotic cycle are the chromosomes uncoiled completely; 
the spirals from the preceding division persist until the new coiling begins 
at early prophase. Observations and measurements in several different 
genera seem to indicate that this behavior is of general occurrence in the 
somatic cycle of cell division (Cf. Kuwada and Nakamura, 1935). 

The chromosomes of the meiotic prophase appear to be free from 
spirals persisting from the previous mitotic anaphase, and if remnant 
spirals occur they are so nearly straightened out that they can hardly be 
recognized as spiral structures at pachytene. There is a great amount of 
chromosome contraction between pachytene and the first meiotic meta- 
phase in Vicia, Tradescantia, Lilium, Trillium, Secale, Allium and other 
genera. Belling (1928) found a 10:1 reduction in chromosome length 
in Lilium and Dark (1934) found an 11:1 reduction in Bellevalia. The 
average reduction in chromosome length between pachytene and meta- 
phase in the genera which we have examined is about 9:1. An examina- 
tion of published drawings of these stages in other genera of plants with 
large chromosomes indicates that a similar degree of chromosome con- 
traction is of general occurrence. 

The paired chromosomes at early pachytene are very slender, and even 
at late pachytene the diameter of the chromonemata is much less than 
it is at corresponding stages in mitosis. During the contraction between 
pachytene and metaphase the chromonemata become coiled in major 
spirals. The two chromatids of each chromosome are coiled together in 
single spirals at early metaphase in Tradescantia (Sax and Humphrey, 
-1934), Secale (Sax, 1930), Rhoeo (Sax, 1935) and Vicia, but two 
parallel coiled chromatids are found at this stage in Gasteria (Taylor, 
1931), Trillium (Huskins and Smith, 1935) and Fritillaria (Darlington, 
1935). These major coils are much wider and fewer in number than the 
minor spirals of the somatic chromosomes. In Tradescantia there are 
5 to 6 major coils in each chromosome at meiosis, as compared with 20-25 
coils in somatic chromosomes, and the gyres of the major coils are about 
twice as wide as those of the minor coils. Darlington (1935) finds from 
8 to 15 major spirals in the meiotic chromosomes of Fritillaria and about 
80 minor coils in the somatic chromosomes. 

Minor spirals within the major coils have been observed in Trade- 
scantia (Fujii, 1926; Ishii, 1931; Kuwada, 1932; Kuwada and Naka- 
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mura, 1933; Kato, 1934); in Hosta (Ishii, 1931); in Sagittaria and 
Lilium (Shinke, 1934), and in Trillium (Matsuura, 1934). (For these 
literature citations see Kato and Iwata (1935), who also describe the 
spiral within spiral structure of the meiotic chromosomes of Lilium.) 
Our observations and measurements of chromosome length in mitosis 
and meiosis seem to show that the relations of the major and minor coils 
differ in different genera. In Tradescantia the minor coils seem to be 
well established at early metaphase so that the separation of the major 
coils at late metaphase is associated with little change in the coiled 
chromatids. There is, however, some reduction in the width of gyres 
between early metaphase and anaphase, which can be attributed to the 
continuation of minor coiling. If the minor coils are well developed at 
metaphase the length of the meiotic chromonema of the major coil should 
be about the same at the somatic metaphase chromosomes. We have 
made wire models simulating the major coils in order to estimate the 
degree of contraction caused by the major spirals. The coiling is re- 
sponsible for about a two-thirds reduction in length, so that the meiotic 
chromonemata of Tradescantia, including only the major coils, are about 
27 microns long, as compared with an average length of 21 microns for 
the somatic chromosomes. If only coiling is responsible for chromosome 
contraction in Tradescantia the minor coils at meiotic metaphase are 
nearly as well developed as they are in root tip chromosomes. 

In Secale we find a different relation between the major and minor coils 
at meiosis (Sax, 1930). The two chromatids of each homologue are 
coiled together in a single spiral at early metaphase, but at late meta- 
phase the major spirals tend to straighten out and the chromatids sepa- 
rate with no elongation of the meiotic chromosomes. The average length 
of these coiled chromonemata at early metaphase is estimated to be 
about 24 microns, but after the major coils are reduced at late metaphase 
the chromosome length is about 8 microns. The somatic chromosomes 
at metaphase have an average length of about 14 microns. Apparently 
the minor coils are not well developed at early metaphase, but are formed 
during metaphase and are effective in reducing the major spirals. The 
relations of the major and minor spirals in Vicia, Lilium and Rhoeo are 
more or less intermediate as compared with the conditions found in 
Tradescantia and Secale. 

If chromosome contraction is effected only by coiling of the chromo- 
nemata we would expect that the degree of reduction in length between 
pachytene and metaphase would be correlated with the relation between 
major and minor coiling. There does seem to be some correlation in 
certain genera. In Tradescantia where both major and minor coils occur 
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together at meiotic metaphase, the ratio of chromosome length at pachy- 
tene and meiotic metaphase is about 9:1. All of this chromosome con- 
traction might be attributed to major and minor coiling. In Rhoeo and 
Zea, however, the pachytene metaphase ratio may exceed 15:1, although 
there are no apparent major spirals in the meiotic chromosomes of Zea, 
and in Rkoeo the minor spirals appear to be most effective in chromo- 
some contraction during late metaphase as the major spirals are reduced 
(Sax, 1935). Apparently there may be some linear contraction of the 
chromonema without coiling as Belling (1928) has suggested. 

The major spirals may be observed at the second meiotic division, as 
is usually or always the case in Gasteria, Trillium, Sagittaria and Fritil- 
laria, or only minor spirals may occur as is the case in Tradescantia, 
Rhoeo, and presumably in all genera in which the second meiotic division 
chromosomes resemble those of mitosis. In Lilium and in Vicia some 
chromosomes show major spirals and others only minor spirals at the 
second meiotic division. The nature of the coiling at this division 
appears to be associated to some degree with the length of the interphase. 

The outstanding features of meiosis in relation to chromosome con- 
traction are, (1) the almost complete elimination of the coils of the pre- 
ceding anaphase chromosome at the pachytene spireme, (2) the great 
reduction in chromosome length between pachytene and metaphase, and 
(3) the occurrence of major spirals. 


THE TIME OF THE CHROMOSOME DUPLICATION 


The anaphase chromosomes at mitosis have been described as two 
parted in Tradescantia (Kaufmann, 1926); Trillium, Allium, Trade- 
_ scantia, Vicia, Podophyllum (Sharp, 1929; Telezynski, 1930); Galtonia 
(Smith, 1932); Scilla (Hoare, 1934); Narcissus (Hedayetullah, 1931); 
Drosophila (Kaufmann, 1934) while four parted chromosomes at late 
‘anaphase or telophase have been described in Tradescantia (Nebel, 
1932) and Paeonia, Allium and Tulipa (Stebbins, 1935). Two coiled 
chromatids in the anaphase chromosomes of the second meiotic division 
have been described in Gasteria (Taylor, 1929, 1931), Galtonia (Smith, 
1932), Allium (Koshy, 1934), Scilla (Hoare, 1934), Trillium (Huskins 
and Smith, 1935), Rkoeo (Sax, 1935) and Tradescantia (Nebel, 1932; 
Kuwada and Nakamura, 1935). The anaphase chromonemata at mitosis 
are described as longitudinally single structures by Belar (1928), Dar- 
lington (1932, 1935) and Belling (1933), although Belar shows clearly 
the longitudinal split at late anaphase in Aulacantha. 

The anaphase chromosomes of the second meiotic division in Trade- 
scantia have been described as single structures (Sax and Humphrey, 
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1934), but further study tends to confirm the interpretation of Kuwada 
and Nakamura, who present photographic illustrations which show the 
dual nature of these anaphase chromosomes. We can observe both in 
the second meiotic anaphase and in the anaphase chromosomes of the 
microspore division, some evidence of two closely associated coiled chro- 
matids and the constrictions apparently produced by the twisting of the 
partially separated spirals. The experiments conducted by Riley (Cyto- 
logia, in press) indicate that the split chromosome behaves as a unit 
in response to X-ray treatment, since the microspore nuclei rayed during 
the resting stage show only chromosome breaks at metaphase. X-ray 
treatment at the resting stage of microspore nuclei in Trillium produces 
only chromatid breaks at metaphase, indicating that the chromosomes 
are effectively split when they go into the resting stage (Huskins and 
Hunter, 1935). The differences in the response to X-ray treatment in 
these two genera may be caused by the degree of separation of the sister 
chromatids. In Trillium the chromatids are well separated at diplotene 
and form more or less independent major spirals at early metaphase, 
while in Tradescantia the two chromatids of each homologue are closely 
associated at early metaphase of the first meiotic division. A correspond- 
ing difference in the relations of the chromatids may exist during the 
later stages of meiosis and early microspore development. 

The available evidence seems to show that the chromonemata are 
longitudinally split when they enter the resting stage, and they may be 
four parted as indicated by the careful work of Nebel and Stebbins. If 
they are four parted at this stage the split chromatids may behave as — 
units during the next mitotic cycle, so that the chromosomes may be con- 
sidered as composed of two chromatids when they enter the resting stage 
(cf. Nebel, 1933). 

The time at which chromosome duplication is initiated is a question 
on which there is considerable difference of opinion. Some investigators 
believe that it occurs at very early prophase while others find the split 
at late prophase, metaphase or even at anaphase or telophase. We are 
inclined to associate chromonema coiling with the longitudinal split of 
the chromosome. The chromosomes are considered as.two parted when 
they enter the resting stage. In mitosis the two chromatids are coiled 
together in loose spirals at the beginning of prophase. At early prophase 
each of the two chromatids is longitudinally split. This split causes each 
split chromatid to coil independently. This coiling pulls out the remnant 
coils of the previous anaphase and -causes the chromatids to separate so 
that two more or less parallel strands are observed at the spireme stage. 
These shorten by coiling, separate at anaphase, and each anaphase 
chromosome contains two closely associated spiral threads. 
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The leptotene threads at meiosis are also split, as observed by McClung 
(1928) and Robertson (1931), although they usually appear to be 
single. The threads pair at pachytene, and at late pachytene each 
chromatid splits and the coiling of the chromonemata begins as in 
mitosis. At diplotene the homologous chromosomes separate except at 
chiasmata or where twists occur. The minor spirals at meiosis involve 
only two strands or half-chromatids, as in mitosis. The minor spirals 
appear to begin development before the major spirals, but they may 
develop so slowly that they continue to coil, or at least contract, after 
the major coils are established at early metaphase in certain species. The 
meiotic bivalent is an eight parted structure as described in Tradescantia 
(Nebel, 1932), in Trillium (Huskins and Smith, 1935) and as we have 
observed in Tradescantia (from a preparation made by Dr. Dermen). 

The chromosomes separate at anaphase, the two chromatids of each 
chromosome appear as parallel coils, but the “tertiary split” can not be 
seen. The interphase is brief and even the major coils may persist at the 
second division. There is apparently no true resting stage at interphase 
and the chromosomes pass to the second metaphase as four parted struc- 
tures. At second anaphase each chromosome contains two coiled chro- 
matids as a result of the split which occurred at late pachytene or early 
diplotene. The number of strands and time of splitting in any one of 
the 2n chromosomes is essentially the same in both the mitotic and 
meiotic cycles. 

THE MECHANISM OF MEIOSIS 


According to Darlington (1932 “meiosis differs from mitosis in the 
nucleus entering prophase before the chromosomes divide instead of 
after they divide. The “precocity theory” is based on the assumption 
that there is a curtailed resting stage or earlier prophase and that the 
leptotene chromosomes are single. Evidence from many sources indi- 
- cates that the chromosomes contain at least two coiled chromatids when 
they enter the resting stage in the mitotic cycle and at the completion 
of meiosis. There is little reason for assuming that the last premeiotic 
division differs from other mitoses. 

There is good evidence that the meiotic cycle is a much more leisurely 
process than the mitotic cycle. This evidence, together with the observa- 
tions on chromosome length at prophase in mitosis and meiosis, seems to 
indicate that meiosis is associated with a retardation in cellular activity 
rather than precocity in development (Cf. Stebbins, 1935). The pro- 
longation of prophase at meiosis is associated with the straightening out 
of the old spirals of the preceding anaphase before the new coiling begins. 
The two chromatids of each leptotene chromosome are so closely asso- 
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ciated that they appear as a single thread. At mitosis there often is a 
tendency for homologous chromosomes to be associated in pairs, but 
intimate gene by gene pairing is inhibited by the coiled structure of the 
chromonemata. As the remnant coils begin to straighten out the chro- 
matids are split and the new coiling begins so that the chromonemata are 
always coiled during the mitotic cycle. In meiosis, however, no coils, 
or at least only very loose remnant spirals, are found at prophase, and 
an intimate association of homologous chromosomes is effected. The 
new split occurs in each chromatid at late pachytene, coiling begins, and 
homologous chromosomes begin to separate. At this stage of chromo- 
some development, in both mitosis and meiosis, each chromosome (2n) 
contains four chromatids and there is no longer any strong affinity be- 
tween homologues. In meiosis the homologous chromosomes usually 
appear to be held together by chiasmata, although other factors appear 
to be effective in the meiotic association of chromosomes in certain cases. 
At interphase the pairs of “sister”? chromatids separate except at the 
fiber attachment, and at second metaphase they again become closely 
associated. The anaphase chromosomes pass into the resting stage as 
double spirals as in mitosis. The prolongation of the mitotic cycle in 
the microspore suggests that the retardation of meiosis tends to persist 
at the subsequent mitosis so that the microspore chromosomes are more 
compactly coiled than in root tip cells, but the retardation at early pro- 
phase is not sufficient to effect chromosome pairing even in auto- 
tetraploids. 

The retardation theory of meiosis is in accord with the numerous 
observations that the anaphase chromosomes pass into the resting stage 
as two parted (or four parted) structures, and with the fact that the 
meiotic prophase chromosomes are much longer than those of the mitotic 
spireme. The primary difference between mitosis and meiosis is the 
longer prophase in meiosis which enables the residual coils of the chro- 
monemata to straighten out and permit the homologous chromosomes to 
become intimately associated in pairs before the chromatids split and 
coil. : 

SUMMARY 


A study of chromosome structure and behavior at mitosis and meiosis 
has been made in Tradescantia, Vicia, Lilium, Secale, and other genera. 

The somatic chromosomes at the resting stage are in the form of loose 
spirals. At prophase the chromonemata form new coils which appear 
as the remnant coils are straightened out. The contraction of the chro- 
mosomes between prophase and metaphase is effected by coiling of the 
chromonemata. The average reduction in length of the chromosomes 
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between the “spireme” stage and metaphase is about 3:1 in the root tip 
cells of the species examined, and may be greater in microspores. As 
the chromosomes enter the resting stage the chromonemata tend to uncoil 
filling the resting nucleus with loose, irregular spirals. Thus the chromo- 
nemata are coiled at all stages in the mitotic cycle. 

The chromosomes at meiotic prophase are practically free from rem- 
nant coils and the new coils do not appear until late pachytene. The 
chromosomes at meiotic prophase are about twice as long as those of the 
mitotic prophase. The average reduction in chromosome length between 
pachytene and meiotic metaphase is about 9:1. This reduction in 
length may be effected by linear contraction of the gene string, and by 
major and minor coiling of the chromonemata. The relation of these 
factors in chromosome contraction may differ in different genera. 

A theory of the mechanism of meiosis has been proposed, based on the 
comparison of chromosome behavior in mitosis and meiosis, and the 
comparative duration of the mitotic and meiotic cycles. The chromo- 
nemata of mitotic chromosomes are in the form of spirals at all periods 
of the chromosome cycle and this coiling prevents any intimate associa- 
tion of homologous chromosomes. At prophase of meiosis the chromo- 
nemata are relatively free from coils and homologous chromosomes can 
become closely paired before the new coiling is initiated. The retardation 
theory of meiosis is in accord with the recent evidence regarding the time 
of chromosome duplication. 
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DESCRIPTION OF PLATES 


PLaTE 161 


Photographs of Tradescantia microspores fixed and stained in aceto- 
carmine after pretreatment with ammonia alcohol. Magnification x 1200 
except photo. 8 which is X 2000. 


Photo. 1. Resting stage, nucleus filled with loose spiral chromonemata. 

Photo. 2 and 3. Early prophase with remnant spirals from preceding 

anaphase. 

Photo. 4. Prophase spireme with most of the remnant coils removed and 

the new spirals appearing in each chromatid. 

Photo. 5. Late prophase after the chromatids have contracted and more 
clearly separated. 

Photo. 6. The chromosomes at metaphase fixed without effective pre- 

treatment. 

Photo. 7. Early metaphase showing the coiled chromonemata in each 
chromosome and partial twisting of chromosomes about each 
other. 

. Early metaphase showing approximate number of coils, and 
twists in chromatids. 

Photo. 9. Anaphase chromosomes with two coiled chromatids in each 

chromosome. 


Photo. 


ioe) 


PLATE 162 


Photographs of mitotic and meiotic chromosomes of Vicia faba. Aceto- 
carmine preparations. Magnification X 1200. 
Photo. 1. Prophase spireme of root tip cell. 
Photo. 2. Anaphase from root tip chromosomes showing secondary con- 
strictions in the “m’” chromosomes, and some evidence of in- 
ternal spirals. 


Photo. 3. Meiotic metaphase showing distribution of chiasmata. 

Photo. 4. Meiotic anaphase showing major coils. 

Photo. 5. Meiotic telophase showing extreme chromosome contraction. 
Photo. 6. Prophase of microspore division. 


Photos. 7 and 8. Anaphase chromosomes of the microspore division. 


PLaTE 163 
Photographs of mitotic and meiotic cells from aceto-carmine prepara- 
tions. Magnification < 800. 
Photo. 1. Meiotic pachytene in Lilium regale. 
Photo. 2. Meiotic metaphase in Lilium regale. 
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Photo. 
Photo. 
Photo. 
Photo. 
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Somatic prophase in Lilium regale. 

Somatic metaphase in Lilium regale. 
Somatic prophase in Trillium grandiflorum. 
Somatic metaphase in Trillium grandiflorum. 


PLATE 164 


Photographs of meiotic chromosomes of Zea and Allium photographed 
at X 1200 and reduced in reproduction. 


Photos. 1 and 2. Meiotic chromosomes of Zea Mays showing reduction in 


chromosome length between very late diakinesis or early diplo- 
tene and diakinesis. 


Photos. 3-6. Meiotic chromosomes of Allium Cepa showing reduction in 


chromosome length between pachytene and metaphase. 


CyTOLoGIcAL LABORATORY, ARNOLD ARBORETUM, 
HarvarpD UNIVERSITY. 
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THE FLORA OF SAN FELIX ISLAND 
Ivan M. JoHNSTON 


With plate 165 


THE ISLAND of San Felix, lat. 26° 16’ S., long. 80° 0’ W., lies over 800 
kilometers off the north coast of Chile and about an equal distance north 
of the islands of Juan Fernandez. It is volcanic, apparently a portion of 
a disrupted crater, and is surrounded by depths of about 4000 m. The 
island is about 2.5 km. long. At the narrow west end there is an abruptly 
elevated hill of yellowish tuff called Cerro Amarillo, 183 meters high. 
The principal part of the island, however, is broad and flattish and is 
composed of a series of black lavas that form a platform which gently 
slopes towards the north and broadens towards the east end to a maxi- 
mum width of nearly 1.5 km. It is bounded by sea-cliffs, 50-70 m. high 
on the south and 15-20 m. on the north side. This broad flattish part of 
the island is overlaid here and there with a thin covering of fine dry 
earth, and is strewn all over with fragments of lava of no great size. In 
appearance the island is extremely barren and desolate. 

Most of the surface of San Felix is devoid of plants. Dr. Chapin in- 
forms me that on the flattish major part of the island the flora consists 
of three evident species, of which the scattered, depressed growths of 
the shrubby Suaeda nesophila are the most conspicuous. The other two 
species, members of Eragrostis and Cristaria, are ephemeral annual 
herbs of scattered occurrence. Two species can be attributed to Cerro 
Amarillo. On its lower slopes Atriplex Chapinii grows in the soft yellow- 
ish volcanic rock. The only erect shrub on the island, Thamnoseris 
lobata, grows in a few sheltered ravines on its upper slopes, where some 
adiabatic fogs supplement the extremely scanty rains of this desert island. 
The flora of San Felix is hence very poor in the number of its species, as 
well as in the number of individual plants. It is, however, high in 
endemism. 

In the same small archipelago, about 18 km. east of San Felix, is the 
island of San Ambrosio. This is a slightly smaller island but is uni- 
formly lofty, being surrounded by imposing cliffs and reaching an alti- 
tude of 450 m. Its high fog-bathed cliffs and crests are very much more 
favorable for plants than the low arid flats and slopes of San Felix. The 
very different environmental conditions have given it a flora almost 
completely different from that of its neighbor. Though San Ambrosio 
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evidently has a much richer and more interesting flora, the difficulties of 
landing on the island and of climbing its precipitous sides have hindered 
its proper exploration. What is known of its flora today rests almost 
exclusively upon a few fragmentary specimens collected on its green 
crests by Simpson in 1869. These fragments, carried off the island in 
his hat (!), are all that has been collected of a number of very distinct | 
endemic genera and species. The flora of San Ambrosio is obviously a 
remarkable one, high in endemism and still a promising source for new 
genera and species. No island off the west coast of America is in greater 
need of exploration. 

The present paper is concerned only with the relatively small flora of 
the more accessible San Felix and is an account of the two collections 
from the archipelago preserved in North American herbaria. Its prime 
purpose is to put on record certain new species and new names for use 
in research growing out of the recent visit to the island by the yacht, 
Zaca. 

The first botanical collections from San Felix and San Ambrosio 
appear to have been made by Enrique Simpson in August, 1869. The 
eight species represented were enumerated by R. A. Philippi, Bot. 
Zeitung, 28: 496-502, tab. 8a (1870). Simpson had only one species 
from San Felix, a Parietaria, which has not since been collected in the 
archipelago. 

The second and best existing account of the flora of San Felix and 
San Ambrosio is by Frederico Philippi, Anal. Univ. Chile, 47: 185-194, 
cum tab. (1875). This paper reviews the collections of Simpson and 
discusses those made by Ramon Vidal in September, 1874. Simpson 
reached the crest of San Ambrosio, whereas Vidal got only the few plants 
he could obtain from the sides of that island. Vidal, however, did collect 
more carefully on San Felix. In publishing, the younger Philippi, un- 
fortunately, treated the archipelago as a whole and gave only rare indi- 
cations as to the particular island upon which Vidal made his several 
collections. From some notes which I made in the Philippi Herbarium 
at Santiago in 1926, from internal evidence within Philippi’s report, and 
from mention of collections in Reiche’s Flora de Chile, it is possible to 
state that Vidal obtained on San Felix specimens of Suaeda, Cristaria, 
Lycapsus and Thamnoseris. It is just possible that a Tetragonia and a 
Frankenia were also obtained. In his official report of his “Esploracion 
de las islas San Félix i San Ambrosio,” Anal. Univ. Chile, 45: 735-756 
(1874), Vidal antedated the report of the younger Philippi and gave an 
atrociously misspelled list of 9 angiospermous species stated to repre- 
sent the flora of San Felix. The determinations were attributed to 
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Philippi. The list evidently contains the species obtained by Vidal on 
San Ambrosio as well as San Felix. Among the species attributed to 
San Felix by Vidal, the following, to judge by the Vidal specimens in 
the Philippi Herbarium at Santiago, were collected on San Ambrosio 
only, — Sicyos, Atriplex foliolosum, Heliotropium (Nesocaryum), and 
Frankenia. 

Subsequent to the report of Frederico Philippi accounts of the flora of 
San Felix and San Ambrosio have been largely compilation. Hemsley, 
Report Voy. Challenger, Bot. 3: 97-100 (1884), apparently unaware of 
the report by the younger Philippi, translated and abridged the earlier 
and less complete report of the elder Philippi and recorded collections 
of Lycapsus and Thamnoseris made by Coppinger from rocks just south 
of San Ambrosio. Reiche, in Engler & Drude, Veg. Erde, 8: 269 (1907), 
compiled a few general notes on the flora of the islands and mentioned 
the visit to the island by Johow. There is only the most general informa- 
tion recorded concerning the work accomplished by this latter botanist. 
According to the brief reports, Deutscher Wiss. Ver. Santiago, Verhandl. 
3: 525 and 529 (1898), Johow visited the island in October 1896. His 
collections, so long unenumerated, have only recently been placed in the 
capable hands of Prof. Carl Skottsberg for critical study and report. 

The only other botanical collections from the islands known to me 
are those specially treated in this paper. Prof. Bailey Willis visited San 
Felix in May 1923 for geological observations and there obtained five 
specimens now preserved in the herbarium of Stanford University. An 
account of his visit to the islands, with numerous photographs, is to be 
found in the Publications of the Carnegie Institution, vol. 382: 120- 
124, tab. 64-68 and 74-75 (1929). Dr. James P. Chapin visited San 
Felix for ornithological work on Feb. 18, 1935. He was a member of 
the ‘Templeton Crocker Pacific Expedition” of which there is an account 

in the Scientific Monthly, 41: 281-285 (1935). His botanical collec- 
tions consisting of nine numbers represent four species. The first set 
of them is in the New York Botanical Garden and a set of duplicates is 
in the Gray Herbarium. The collections represent plants from various 
parts of the island and are uncommonly ample. They are the best that 
have been made on San Felix. Through the courtesy of Dr. Chapin I 
am able to reproduce two of the photographs he made on the island. 

In my list of the flora of San Felix there are seven species accredited 
to the island. Of this number two, Eragrostis and Parietaria, are non- 
endemic, occurring also on the arid coastal region of northern Chile and 
southern Peru. Of the remaining five, Lycapsus is known from San 
Ambrosio as well as San Felix. This is the only species accredited to 
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both of the islands. The endemic species of San Felix belonging to non- 
endemic genera, Atriplex, Suaeda and Cristaria, are rather well marked 
but have their closest affinities with plants of the coastal hills of south- 
ern Peru and northern Chile. The archipelago has two genera of the 
Compositae, each of which has a species on San Felix. These genera 
are endemic and are so distinct that their natural position in their re- 
spective subfamilies is yet open to question. The genus Tamnoseris 
perhaps is nearest to Dendroseris of Juan Fernandez. The tribal position 
of Lycapsus is still undetermined. If we may judge from the relation- 
ship evident in all other members of the flora of San Felix and San 
Ambrosio, we may perhaps surmise that these two genera of Compositae 
had relationships, now lost or obscured, in western South America. 


CATALOGUE OF THE SPECIES 
GRAMINEAE 

Eragrostis peruviana (Jacq.) Trinius, Mem. Acad. St. Petersb. sér. 
6, 1: 396 (1831). : 

Collected in a mature condition by Chapin (1108). Not only a new 
species for the known flora of San Felix but also the first monocot to be 
reported from the archipelago. The species has heretofore been known 
only in the coastal hills from central Peru south to the Taltal region in 
northern Chile. A close comparison of Chapin’s collections with abun- 
dant material from the continent has revealed no characters or even 
tendencies whereby it might be distinguished. 


URTICACEAE 

Parietaria debilis Forster, Prodr. 73 (1786). — Parietaria felictana 
Philippi, Bot. Zeit. 28: 501 (1870); F. Philippi, Anal. Univ. Chile, 47: 
192 (1875). 

This genus is known from San Felix only through a collection from 
Simpson. It was the only plant he obtained on that island. I have 
compared a fragment of his collection with the common and variable 
plant of western South America passing as P. debilis and can find no 
characters to separate them. : 


CHENOPODIACEAE 
Atriplex Chapinii, sp. nov., perennis monoica fruticosa e caudice 
crasso lignoso erumpens depressa pallida 1-3 dm. alta, 3-12 dm. lata; 
caulibus prostratis vel decumbentibus ramosis, juventate summum ad 
apicem inconspicue evanescenter pubescentibus mox glabratis; foliis 
concoloribus glabris lanceolatis vel oblanceolatis numerosis confertis 
evidenter costatis sed inconspicue nervatis 8-15 mm. longis 2-7 mm. 
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latis apice subacutis basi in petiolum ca. 1 mm. longum gradatim attenu- 
atis margine integerrimis; floribus staminatis in spicas terminales 2—3 
cm. longas infra medium plus minusve interruptas et bracteatas flaves- 
centas (maturitate plus minusve fuscas) aggregatis; floribus pistillatis 
in axillis foliorum superiorum dispositis; bracteis fructiferis ultra 
medium connatis in ambitu angulatis 6-7 mm. longis 5-6 mm. latis, 
corpore crassis induratis subobovoideis 2-3 mm. longis 2 mm. latis plus 
minusve verrucosis, margine prominente herbaceis planis sparse dentatis 
plus minusve trilobatis; seminibus erectis 1-1.5 mm, diametro, testa 
brunnescente, radicula verticali. 

SAN FELr1x: low bush about 2.5 dm. tall and 3-9 dm. broad, Feb. 18, 
1935, J. P. Chapin 1104 (Gray Herb., type; NY); low bush, leaves 
grayish green, forming circular or oval clumps 3-12 dm. in diameter, 
2.5-3 dm. high, Chapin 1105 (NY); with male flowers, Chapin 1106 
(G, NY) and 1109 (G); a flat-growing plant keeping close to soil and 
rocks, May 2, 1933, Bailey Willis 4 (Stanf.). 

The material collected by Chapin and by Willis is quite similar and 
evidently conspecific. The island plant is most closely related to the 
poorly understood group of spreading monoecious perennials of the 
Chilean coastal region. Although collected by a busy geologist and by 
a busy ornithologist the species is curiously lacking in the collections of 
Vidal, who seems to have been the most energetic botanizer on the island, 
unless the report of Tetragonia maritima, by the younger Philippi, Anal. 
Univ. Chile, 47: 88 (1875), may have been based upon a sterile speci- 
men of it misidentified. 

Atriplex Chapinii is evidently distinct from A. foliolosum Phil. which is 
known only from sterile specimens collected on the adjacent island of 
San Ambrosio. The latter endemic has crowded sessile ovate-triangular 
leaves only 2.5 mm. long and 2 mm. broad. 

Suaeda nesophila, nom. nov. — Suaeda divaricata Mogq. var. micro- 
phylia F. Philippi, Anal. Univ. Chile, 47: 193 (1875); Reiche, Fl. Chile, 
6: 175 (1911), not S. microphylla Pallas. 

This shrub was collected both by Willis (no. 2) and by Chapin (1107 
and 1110). According to Dr. Willis it is the common bush growing on 
the flatter parts of the island in rounded masses up to 9 dm. in diameter 
and 5 dm. in height. Dr. Chapin notes that the leaves are at first a light 
grayish green which turns finally to a dull purplish red. The distal leaves 
are almost always reddish. He adds that the rounded clumps are 2.5-3.5 
dm, tall and 9-12 dm. broad. This endemic species is evidently related 
to S. foliosa Mog. of the coastal hills of northern Chile and southern 
Peru, from which it is quickly distinguished by its very much more 
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slender and more branched habit and very much smaller clavate leaves. 
It is certainly not closely related to S. divaricata Mogq., which is a large 
bush confined to Argentina. 
MALVACEAE 

Cristaria insularis F. Philippi, Anal. Univ. Chile, 47: 186 (1875); 
Reiche, Anal. Univ. Chile, 91: 405 (1895) and FI. Chile, 1: 257 (1896). 

Collected on San Felix by Willis (no. 3 a—b) and by Chapin (nos. 388, 
1111). Their collections are very mature with the leaves mostly dried 
and weathered. There are some flowers and much good fruit. The 
plant is endemic though related to a group of small-flowered annuals 
occurring in the coastal hills from central Chile to central Peru. 


CoMPOSITAE 

Lycapsus tenuifolius Philippi, Bot. Zeit. 28: 499, tab. 8a, fig. 1-5 
(1870); Philippi, Anal. Univ. Chile, 43: 484 (1873), locality incorrect; 
F. Philippi, Anal. Univ. Chile, 47: 188 (1875).— Alomia tenuifolia 
(Phil.) Benth. & Hook. ex Reiche, Anal. Univ. Chile, 109: 10 (1901) 
and Fl. Chile, 3: 260 (1902); Robinson, Proc. Amer. Acad. 49: 439 and 
453 (1913). 

There are photographs and fragments in the Gray Herbarium of the 
original collections at Santiago made by Simpson and by Vidal. Simp- 
son’s collection is labeled as from San Ambrosio. Vidal’s collection is 
given as from San Felix. Dissections of this authentic material shows 
conclusively that this endemic genus is not a Eupatorioid as has been 
supposed. The plant has fertile pistillate marginal florets with a 3- 
toothed ligule about once and a half the length of the tube. The tubular 
inner florets appear to be hermaphroditic and sterile. The style-branches 
are linear, flattened and abruptly contracted into a short triangular 
apex. The receptacle bears conspicuous slender scales which seem to 
separate the marginal florets from the inner ones. Except for the brac- 
teate receptacle the plant is very suggestive of some of the Helenioids 
or even certain Asterioids. The bracteate receptacle suggests the Helian- 
thoids but none of the other structures suggest that group of the Com- 
positae. The same may be also said for the Madineae. Lycapsus has 
relations even more vague than Thamnoseris, the other endemic genus 
of the Compositae. 

Thamnoseris lobata, sp. nov. — Thamnoseris laceratus sensu F. 
Philippi, Anal. Univ. Chile, 47: 190, cum tab. (1875); Reiche, Anal. 
Univ. Chile, 116: 580 (1905) and FI. Chile, 5: 6 (1910), as to shrub of 
San Felix. 

The specimens from Prof. Willis (no. 1) which consist of leaves, flow- 
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ering inflorescence and parts of stem, agree well with the collections from 
San Felix by Vidal which were described at length and illustrated by 
the younger Philippi. According to Willis’ notes the plant grew in a 
sheltered ravine on Cerro Amarillo, 150 m. alt., and formed a low, abun- 
dantly lactiferous shrub with thick woody trunk and branches. The 
bark was light gray, smooth and “swollen looking.” 

Neither the collection by Vidal nor that by Willis matches the single 
leaf of the lactiferous shrub of San Ambrosio upon which the elder 
Philippi, Bot. Zeit. 28: 499, tab. 8, fig. A6 (1873), based his Rea ? 
lacerata. This leaf from San Ambrosio is triangular in outline, broadest 
at the base, cut 9/10 of the way to the rachis and has the well spaced 3—4 
pairs of lobes prominently and narrowly lobulate. In the San Felix plant, 
as given by the younger Philippi and later by Reiche, and as shown by 
the material collected by Bailey Willis, the leaves are lanceolate, broad- 
est above the middle, gradually contracted towards the base, cut %4-% 
to the rachis, and the crowded 3-5 pairs of lobes sparsely lobulate- 
toothed. The material from San Felix is consequently quite different in 
appearance from the scanty specimen originally described from San 
Ambrosio and so seems to merit a new name. The lengthy descriptions 
given by the younger Philippi and by Reiche are based upon the collec- 
tion of Vidal illustrated by the former author. This collection and the 
mentioned descriptions and plate amply characterize Thammnoseris lo- 
bata of San Felix. 

The imperfectly known plant that is correctly known as Rea lacerata 
Phil., Thamnoseris laceratus (Phil.) F. Phil. or Dendroseris lacerata 
(Phil.) Hemsley, is consequently known only from San Ambrosio where 
Simpson reported it as common on the crests and Hemsley, Report Chal- 
lenger Voy. Bot. 3: 99 (1884), reported it as occurring on a rock just 
south of that island. Until the flowers and inflorescence of this plant of 
San Ambrosio are described, its exact relationship with T. /obata of San 
Felix must remain a matter of surmise. 

The lactiferous shrub of San Felix is evidently a member of the 
Cichorioideae. It has naturally been compared with Dendroseris, an 
endemic genus of Juan Fernandez having similar habit, for Thamnoseris 
and Dendroseris not only occur in adjacent archipelagos, but are unique 
among the Cichorioids in having a pronounced woody habit. Floral 
structures of these two genera, however, show many differences. I am 
inclined to the opinion that we must await the judgment of some future 
student who has mastered the complexities of the classification and inter- 
relation of the Cichorioids, before we definitely select similarities of 
habit as indicative of direct relationship between the two insular endemic 
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genera. The similarities of habit may be simply parallel evolution, the 
similar responses of two different stocks isolated under equitable insular , 
climates. Many groups of angiosperms, prevailingly low and herbaceous 
on the continents, have produced woody forms on oceanic islands. The 
woody habits of Dendroseris and Thamnoseris, accordingly may be simp- 
ly ecological and not indicative of immediate relationship. The exact 
relationship of the two insular genera with each other and with other 
Cichorioids is still uncertain. Their relationship does not seem to be 
Old Pacific, for the Cichorioids are very scantily represented in New 
Zealand and Australia and northward in the Pacific, and none of them 
in this region have structures suggestive of close affinity with our insular 
genera. In the past our genera have been associated with the genus 
Fitchia, a woody group of Polynesia, but as suggested by Drake del 
Castillo, Jour. de Bot. 12: 176 (1898), that genus now proves to be a 
Mutisioid. Consequently the old hypothesis as to an Old Pacific rela- 
tionship of our shrubs must seek new justification. Though I can find 
no evident relatives of them in South America, I suspect that, like other 
members of our insular florulas, the insular Cichorioids were probably 
derived from South American ancestors. The best development of the 
Cichorioid Compositae in the Southern Hemisphere is to be found in 
western South America. Our insular Cichorioid shrub may be merely 
-aspects of the evolutionary activity centering on the adjacent continent. 


ARNOLD ARBORETUM, 
HarvVARD UNIVERSITY. 
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SOME NEW TREES AND SHRUBS FROM MEXICO 


ALFRED REHDER 


Carya mexicana Engelm. forma polyneura, f. nov. 

A typo recedit foliolis plerisque elliptico-lanceolatis margine peni- 
cillato-ciliolato excepto glabris vel fere glabris, nervis utrinsecus 15-20 
tantum 3-6 mm. distantibus, exocarpio tenui 1.5—3 mm. crasso. 


Nuevo Leon: Sierra Madre Oriental, Puerto Blanco to Taray, about 
15 m. s.w. of Galeana, C. H. and M.T. Mueller, no. 1226, July 23, 1934, 
“shrub or small tree very abundant in more or less moist woods, prac- 
tically all over the mountain” (type). 

This form, at the first glance, looks very distinct with its closely and 
conspicuously veined leaflets, glabrous except the ciliate margin and a 
few hairs on the under side near the base, but among the numerous speci- 
mens under no. 1226 there are larger detached leaves, apparently from 
sterile vigorous branches, or from different trees, with more distant 
veins and thinly pilose over the whole under surface; these leaves do not 
differ at all from those of typical C. mexicana. Also the difference in the 
thickness of the husk does not seem to segregate the tree of the Sierra 
Madre Oriental from that of the type locality of the species, Alvarez, 
San Luis Potosi. A fruit of Palmer’s no. 835% which represents the 
type of C. mexicana has the husk in a dry state up to 6 mm. thick, while 
most specimens collected in the same locality by Dr. A. R. Goodman in 
1910 have the husk only 2-3 mm. thick and a smaller nut resembling in 
shape that of C. ovalis var. obcordata, but one lot of seeds has the husk 
as thick as in the type. 

_ It thus appears that C. mexicana varies as much in the thickness of its 
husk and in the pubescence of its leaves as C. ovata (Mill.) K. Koch, to 
which it is closely related: in fact, I cannot find any strong character to 
separate the two, and I believe that C. mexicana is only a southern cli- 
matic form of C. ovata. The buds are generally smaller, but in a speci- 
men collected by Dr. E. Palmer in 1902 (no. 71) the terminal winter-bud 
is 1.5 cm. high. Nothing seems to be known of the character of the bark, 
and until we have more complete material, C. mexicana may be kept 
distinct. I also have before me a flowering specimen from La Jolla 
Ranch, Tamaulipas (Robert Runyon 1019) with nearly glabrous leaves. 
Thus the species seems to be restricted to three adjoining departments 
in northeastern Mexico, namely Nuevo Leon, San Luis Potosi and — 
Tamaulipas. 
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Litsea Muelleri, spec. nov. 

Frutex ramis gracilibus hornotinis ut petioli dense fulvo-villosis tertio 
vel quarto anno tarde glabrescentibus fuscis vel partim flavidis. Folia 
persistentia, coriacea, ovata, 2—4.5 cm. longa et 1.2—3.2 cm. lata, breviter 
acuminata vel acuta, basi rotundata vel subcordata, supra minute reticu- 
lata et tenuiter villosa demum glabrescentia, luteo-viridia, subtus tomen- 
tosa, glauca, nervis utrinsecus circiter 5 ut costa supra leviter vel vix 
elevatis, subtus distincte elevatis, costa flavescente; petioli 2-4 mm. 
longi, tomentosi. Inflorescentiae pleraeque 3-florae, axillares, solitariae 
vel 2—3 fasciculatae; pedunculi 1.5—-3 mm. longi, fusco-pilosi ut pedi- 
celli; pedicellus medius 1-1.5 mm. longus, laterales breviores; bracteae 
caducae, extus fusco-pilosae; perianthium tubo nullo, segmentis ovalibus 
2.5-3 mm. longis basi extus strigosa exceptis glabris; stamina 9, fila- 
mentis glabris vix dimidias antheras subrectangulares truncatas aequan- 
tibus, ea seriei tertiae glandulis binis filamenta subaequantibus aucta; 
ovarium parvum, ovoideum, in stylum brevem attentuatum. Fructus 
tantum immaturi circ. 5 mm. diam. visi. 


Nuevo Leon: Sierra Madre Oriental, east side of divide between San 
Francisco Canyon and Pablillo, 15 miles s.w. of Galeana; alt. 8500 ft., 
common in dense woods, C. H. and M. T. Mueller, no. 379, May 14, 
1934 (type); Sierra Madre Oriental, cafion above Alamar, about 15 
miles s.w. of Galeana, alt. 5000-6000 ft., common in open oak wood, 
C. H. and M. T. Mueller, no. 689, June 2, 1934 (with immature fruit). 

This species seems to be most closely related to Litsea Neesiana 
(Schau.) Hemsl. which is easily distinguished by its larger and narrower 
leaves, cuneate or broadly cuneate at base, by the larger inflorescence, 
longer peduncles and filaments longer than the anthers; in the shape of 
the leaves it resembles L. parvifolia (Hemsl.) Mez, but that species is 
quite glabrous and the pedicels are long and slender. 


Amelanchier paniculata, spec. nov. (§ Malacomeles) .* 

Frutex ramulis satis validis initio dense albo-tomentosi ut petioli et 
facies inferior foliorum, annotini tarde glabrescentes rubro-fusci, vetu- 
stiores griseo-fusci. Folia persistentia, chartacea vel subcoriacea, 


1Amelanchier sect. Malacomeles (Dcne.), comb. nov. 

Nagelia Lindley in Bot. Reg. 31(Misc.) : 40 (1845). 

Ndgelia Lindley, Veg. Kingd. 560 (1846). — Wenzig in Linnaea, 43: 80 (1880) 
“Naegelia.” — Non Naegelia Rabenhorst, Kryptog. 1: 85 (1844). 

Cotoneaster sect. Malacomeles Decaisne in Nouv. Arch. Mus. Hist. Nat. Paris, 
10: 177 (1874). 

Cotoneaster A. Naegelia (Lindl.) Wenzig in Jahrb. Bot. Gart. Mus. Berlin, 
2: 304 (1883). 

Amelanchier sect. Nagelia [Lindl.] Koehne, Gatt. Pomac. (in Wiss. Beil. Progr. 
Falk-Realgymnas. Berlin, p. 25. 1900). — Schneider, Ill. Handb. Laubholzk. 
1: 742 (1906). 
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oblongo-elliptica vel oblonga vel interdum obovato-oblonga, 3.5—7.5 cm. 
longa et 1.5-3 cm. lata, acutiuscula vel obtusiuscula, mucronulata, basi 
cuneata vel late cuneata, rarius fere rotundata, integra vel interdum 
remote et minute denticulata denticulis ad mucronem reductis, supra 
costa tenuiter villosa et margine dense villosula exceptis ab initio glabra, 
laete viridia, subtus dense albo-tomentosa, nervis utrinsecus 15—20 supra 
ut costa media leviter impressis, subtus prominulis et costa media mani- 
feste elevata; petiolis 5-10 mm. longi, dense tomentosi. Inflorescentiae 
terminales, paniculatae vel simpliciter racemosae, pleraeque pe- 
dunculis inferioribus trifloris superioribus unifloris, rarius simpliciter 
racemosae, rarissime pedunculis inferioribus 7-floris et superioribus tri- 
floris, 3-5 cm. longae, albo-tomentosae; pedicelli 3-10 mm. longi; 
calycis tubus 2.5 mm. longus, extus ut lobi leviter floccoso-tomentosus 
mox glaber, lobi triangulari-ovati, acuti, mucronulati; petala late ovalia, 
vel suborbicularia, basi abrupte contracta, circiter 6 mm. longa, glabra; 
stamina circiter 20, petalis dimidio breviora, antheris cordato-ovatis 1 
mm. longis; carpidiis 3—5, dorso apice conico libero longe villoso excepto 
calycis tubo adnatis ventre fere ad basin liberis villosis; styli basi excepta 
glabri, staminibus paullo longiores. Fructus immaturus subglobosus, 
circiter 8 mm. longus, calycis lobis reflexis intus extusque glabris margine 
villoso-ciliolatis coronatus. 

Nuevo Leon: Sierra Madre Oriental, San Francisco Cafion, about 15 
miles s.w. of Galeana, alt. 7500-8000 ft., scattered on rocky soil in open 
or scrub wood, C. H. and M. T. Mueller, no. 282, May 9, 1934 (type). 

This new species belongs to the section Malacomeles and seems most 
closely related to A. nervosa Dene., but readily distinguished by the 
much larger, generally oblong and ented or ons entire leaves and the 
usually paniculate inflorescence. 

As Malacomeles is the earliest sectional name of this group, it must 
be maintained, when the section is transferred to Amelanchier. More- 
over, Nagelia is an illegitimate name being a later homonym of Naegelia 
Rabenhorst. Nagelia, Ndgelia and Naegelia must be considered ortho- 
graphic variants of the same name, since both genera are named i in honor 
of Karl Naegeli. 


Arctostaphylos novoleontis, spec. nov. (§ Comarostaphylis). 

Frutex ramulis hornotinis puberulis, secundo vel tertio anno glabre- 
scentibus fuscis decorticantibus. Folia persistentia, lanceolata, 3-6 cm. 
longa et 6-12 mm. lata, interdum minora, acuta vel obtusiuscula, mucro- 
nulata, basi cuneata, margine integro cartilagineo et praesertim basin 
versus leviter revoluto, supra luteo-viridia, lucidula, tenuiter villosula, 
demum glabrescentia, subtus glauca, breviter villosula, costa media supra 
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leviter impressa subtus elevata, nervis utrinque obsoletis; petioli 4-6 
mm. longi, tenuiter villosuli. Panicula 3—6 cm. longa, interdum ad race- 
mum reducta, minute canescenti-puberula, laxiflora; pedicelli graciles, 
4-10 mm. longi; sepala 5, triangulari-ovata, acuminulata, 1.75 mm. 
longi, extus parce villosula, ciliolata, rubra; corolla cylindrico-urceolata, 
8-10 mm. longa, extus glabra, intus sparse villosula; lobis latis rotundatis - 
recurvatis; stamina dimidiam corollam aequantia, filamentis glabris ima 
basi dilatatis, antheris bi-aristatis; stylus corollam subaequans ut ovari- 
um 5-loculare glaber. Fructus immaturus 4 mm. diam., granulosus, 
obscure fusco-ruber. 

Nuevo Leon:. Sierra Madre Oriental, San Francisco Cafion, about 
15 miles s.w. of Galeana, alt. 7500-8000 ft.; sparse on top of hill above 
the upper cafion, C. H. and M. T. Mueller, no. 319, May 12, 1934, 
(type) ; Sierra Madre Oriental, last hill on west side of lower San Fran- 
cisco Cafion, about 15 miles s.w. of Galeana, common in shrub zones on 
slopes and tops, C. H. and M. T. Mueller, no. 1032, July 15, 1934, “fruit 
dark brownish red.” 

This species seems to be most closely related to’A. polifolia H.B.K., A. 
glaucescens H.B.K. and A. minor (Small) Standl.; from the first two 
species it is readily distinguished by the glabrous ovary and from A. poli- 
folia also by the glabrous filaments, from A. minor it differs in the larger 
and broader more pubescent leaves, the smaller corolla and the pubescent 
filaments. The fruiting specimen, no. 1032, differs somewhat in the 
smaller leaves 1.5-4 cm. long and 4-7 mm. broad and less densely 
pubescent. 


Menodora Muellerae, spec. nov. 

Suffrutex humilis, decumbens, ramosissimus, 15 cm. vix excedens, 
caulibus subteretibus viridibus, rima basibus foliorum decurrentibus 
formata hispidula excepta glabris. Folia opposita, crassiuscula, vix 
distincte petiolata, 4-10 mm. longa, lineari-oblonga vel anguste oblanceo- 
lata, inferiora interdum lineari-subulato, acuta et mucronata, basin 
versus sensim attenuata, basibus foliorum oppositorum contiguis rimam 
hispidulam ad par foliorum inferius decurrentem formantibus, margine 
setis brevibus leviter reflexis setoso-ciliolata, ceterum glabri, costa media 
subtus elevata. Flores in apice ramulorum solitaria; pedicellus 2-4 mm. 
longus, pilosulus; calyx campanulatus, tubo circ. 1.5 mm. longo glabro 
vel basin versus sparse pilosulo, lobis plerumque 10 subulato-linearibus 
5—6 mm. longis ciliolatis; corolla hypocraterimorpha, tubo gracili apicem 
versus leviter ampliato 12-14 mm. longo, lobis oblongis 6—7 mm. longis 
acuminulatis; stamina exserta, dimidios lobos aequantia, filamentis 
glabris 5 mm. longis circiter 3 mm. infra faucem tubo affixis, antheris 
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oblongis 2.5 mm. longis; stylus staminibus paullo longior; stigmate 
capitato lato. Fructus circ. 7 mm. diam.; pedicellis recurvatis, coccis 
circumcissilibus; semina plerumque 2 vel 3, rarius 4 vel 1, ovoidea vel 
oblongo-ovoidea, plus minusve compressa, circ. 4 mm. longa, atrofusca. 

Nuevo Leon: Sierra Madre Oriental, cedar savannah above Encinal 
wheatfields, about 15 miles s.w. of Galeana, alt. about 7500-8000 ft., 
abundant over-small areas, C. H. and M. T. Mueller, no. 463, May 19, 
1934 (type). 

This species seems to be most closely related to M. longiflora A. Gray 
on account of the salver-shaped corolla with a long slender tube, though 
not as long as in M. longiflora, but it is easily distinguished by the decum- 
bent habit, smaller, much narrower leaves, exserted stamens and soli- 
tary flowers with the pedicels recurved in fruit. The species is named 
in honor of Mrs. Mary Taylor Mueller who accompanied her husband 
on his Mexican expedition. 


HEBRARIUM, ARNOLD ARBORETUM, 
Harvarp UNIVERSITY. 
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NEW FACTS CONCERNING CEPHALOSPORIUM WILT 
OF ELMS 


D. B. CREAGER 


ONE RESULT of the experience of having to wage a campaign against 
the Dutch elm disease in America has been the calling of attention to 
the native wilt diseases of elms. Of these there are two; one is tenta- 
tively designated “Cephalosporium wilt” (or “Cephalosporium die- 
back”), the other “Verticillium wilt.” They are widely spread and the 
first named is relatively frequent in nursery stock and on older trees of 
all ages. Both are being studied intensively at the Arnold Arboretum of 
_ Harvard University with the object of more clearly defining symptoms, 
discovering means of spread, determining the course of the infection and 
testing methods of control. My own investigations on the former are 
now sufficiently advanced to warrant the publication of certain findings 
which appear to point the way to control. 

1. Two kinds of reproductive bodies, as recently noted by Dr. 
Curtis May, are produced by the fungus that causes Cephalosporium 
wilt. These are (a) naked spore heads such as are characteristic for 
the genus Cephalosporium and (b) pycnidia, a type of fructification not 
known for that genus. Both make their appearance in laboratory cul- 
tures and both occur in nature. The pycnidia are of special importance 
but no explicit statement of their occurrence in nature could be found in 
the literature. The significant feature to be emphasized, one hitherto 
unrecorded, is their natural abundance and their importance. They 
form profusely in the bark of infected twigs and branches as the bark 
tissues gradually die during the summer. These pycnidia contain myri- 
ads of small spores which remain viable over winter. The spores ooze 
out in a gelatinous matrix through ostioles to the surface of the bark. 
Apparently wind and rain play an important part in spore dissemination. 
Also, since spores are exposed to the outside, such agencies as insects and 
birds may serve an important rdle in transmission of the pathogene. 

2. Wounds in the leaves provide the most common infection court. 
Large numbers of leaves injured by canker worms have been found to 
be infected in the vicinity of killed branches on the same and nearby 
trees. Any insect causing open wounds in leaves or stems such as the 
canker worms (Alsophila pometaria Harr. and Paleacrita vernata Peck), 
the spiny elm caterpillar (Hamadryas antiopa Linn.), the elm leaf beetle 


_ 454 JOURNAL OF THE ARNOLD ARBORETUM [VoL. XvI 


(Gallerucella luteola Miill.). the small European elm bark beetle (Scoly- 
tus multistriatus Marsh) and numerous others, provide suitable wounds 
through which the fungus may enter the suscept. 


3. An early symptom of the typically infected leaf is a yellowing near 
the infection court or wound. The yellowed area increases and the 
portion near the wound dies and becomes brown. Usually a brownish 
discoloration of the veins occurs in advance of the necrotic area in the 
mesophyll. Finally the discoloration extends through the vascular 
strands of the petiole into the stem, and the leaf drops off. The patho- 
gene has been isolated from a large number of such leaves and from the 
stem in the vicinity of the leaf base. 

4. Artificial inoculations made on seedlings in the greenhouse sub- 
stantiate these facts observed in the field. Whether mycelium, spores 
from spore-heads, or spores from pycnidia were used as inoculum no 
infection resulted when unwounded leaves were inoculated. On the other 
hand, any one of these kinds of inoculum brought about infection when 
leaves were wounded. In stained serial sections of artificially inoculated 
leaves, the pathogene has been traced from the leaf wound into the stem 
through the vascular strands of lateral veins, midrib and petiole. The 
fungus has also been recovered from various regions of wounded leaves 
and stems of inoculated seedlings by culture methods. 

5. Based on the foregoing facts, a number of experiments on control 
of the disease have been initiated. The first important step is to prune 
out all dead and infected branches in order to eradicate the disease from 
individual cases and to destroy the source of future inoculum. Spray 
tests are also in progress in which insecticides and fungicides are being 
used to prevent attacks of insects and fungi and to reduce possibilities 
for infection through wounds already present. Results of these prelim- 
inary tests are encouraging; they indicate that a combined pruning and 

‘spraying program offers promising possibilities for controlling Cepha- 
losporium wilt. 

It is with pleasure that acknowledgment is made of the excellent facili- 
ties afforded for this investigation by the pathological laboratory at the 
Arnold Arboretum and the adjunct laboratory of the North Country 
Garden Club at the Pratt Estate Oval, Glen Cove, Long Island, New 
York. 


LABoRATORY OF PLANT PATHOLOGY, 
ARNOLD ARBORETUM, HARVARD UNIVERSITY. 
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THE ARNOLD ARBORETUM DURING THE FISCAL YEAR 
ENDED JUNE 30, 1935 


THE WINTER of 1934-1935 was nearly as severe as that of the previ- 
ous year.’ Very little snow fell up to December 31, but a heavy fall of 
snow took place on January 23 and much of it remained all winter. In 
January temperatures varied, but low temperatures prevailed. This 
persistent cold, after the previous severe winter, caused considerable 
damage to trees and shrubs in the Arboretum. Some of this damage 
was not apparent until early summer. In the fall of 1934 several tem- 
perature stations were established in various parts of the Arboretum 
which recorded variations of as much as 12 degrees between different 
stations. Temperature records from these stations will be of much 
assistance in selecting favorable localities for new plantings. 

Early in the spring, an extensive spraying program was carried through 
to combat a bad infestation of canker-worm. This was successful and 
prevented defoliation. Other successful spraying programs were carried 
out for leaf miner in hawthorns and for various other insect pests. 

To facilitate the best growth in several groups of shrubs, it was neces- 
sary to move and rearrange a large number of plants. More of this work 
is to be carried out this fall; many large specimens which were badly 
damaged by winter conditions will have to be replaced. 

The extensive collection of lilac varieties flowered exceedingly well 
last spring and attracted thousands of visitors, also the crab apples and 
later the mountain laurels flowered profusely, while most of the cherries 
and particularly the Japanese cherries showed the effects of the two 
preceding severe winters, as did many of the azaleas and rhododendrons. 

During the year 1258 packages of seed were sent out, 782 in the 
United States, 476 to 12 foreign countries, also 2187 plants and 545 
varieties of scions and cuttings. There were received from the United 
States and other countries 454 packages of seed, 1894 plants, and 592 
cuttings and scions. Five hundred and ninety-five plants were added 
to the Arboretum collections. — L. V. S. 


Pathological Laboratory.—The laboratory of plant pathology has 
now completed the first seven years of its existence. It was established 
through the efforts of the Supervisor, Professor Oakes Ames, in fulfill- 


1Records of the effects of the low temperatures during the winter of 1933-34 on the 
trees and shrubs in the Arnold Arboretum have been published in the Arnold Arbo- 
- retum Bulletin of Popular Information (Ser. 4, Vol. II, nos. 7 and 8). 
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ment of the expressed wish of the late Director, Charles Sprague Sar- 
gent, and as part of Dr. Sargent’s conception of the Arboretum as an 
institution for the study of woody plants in all fundamental aspects. 
Professor Ames wisely housed the laboratory in quarters that facilitate 
cooperative effort and interchange of ideas with the Arboretum’s propa- 
gator, superintendent and geneticist. The functions of the laboratory 
were defined as comprising interest in the Arboretum’s living collec- 
tions, extension services, instruction and research. 

Naturally collections so extensive, so varied and of such diverse ori- 
gins and requirements as are those of the Arboretum constantly present 
health problems of concern to the superintendent and much material of 
interest to the pathologist. Likewise from time to time pathological 
problems call for consultation or cooperative undertaking between the 
pathologist and the propagator or the geneticist. It should also be 
stated that control measures evolved in the laboratory are tested or 
applied in the Arboretum whenever possible. _ 

The Arboretum has always exercised a generous attitude with respect 
to extension services; its plant stores and its knowledge are freely open 
to all. As might be expected many inquiries are referred to the labora- 
tory of plant pathology and the number has increased yearly. They 
come from private individuals, nurserymen, arborists, city and town tree 
wardens, foresters, landscape architects, etc. An account in some detail 
of this phase of the laboratory’s activities formed a part of the report 
for 1933-4, 

Constituted as a unit of an educational institution, the Arboretum 
has felt that it should bear some instructional responsibility. So from 
the first the laboratory of plant pathology has assumed its share. A 
course in the pathology of the forest and of woody plants open to quali- 
fied undergraduates and graduates has been offered in Harvard Univer- 
sity and from two to six appropriate research students each year have 
been directed in their special investigations. The Biological Laboratories 
and the Bussey Institution have provided suitable laboratory space for 
this work. Of the ability and the research accomplishments of these 
students I can speak highly. Five of them received travelling fellow- 
ships, including three Sheldon awards, at the conclusion of their under- 
takings at the Arboretum; and seven of them are now filling responsible 
positions in pathology, mostly research, here or abroad. While this 
participation in instruction has taken considerable time, most of it has 
been in connection with research and one result has been the enriching 
of the research activities of the Arboretum. This is of significance be- 
cause research is the foremost function of the laboratory of plant 


pathology. 
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Statements covering the research accomplished by the laboratory 
during its first seven years have been included in the preceding annual 
reports. It will suffice here to report for the past year and merely to add 
that in the seven year period many problems have received attention and 
that many of these have been fruitfully solved. 

For the year 1934-5 the laboratory reports progress with or comple- 
tion of studies on the following topics: coniferous rusts, Gymnosporan- 
gium diseases, mycotrophy in Pinus and wilt diseases of elms. With 
respect to coniferous rusts particular mention should be made of the 
elucidation of life history connections, involving firs and spruces, in the - 
genera Chrysomyxa and Milesia, and the working out of features of 
taxonomic value based on the morphology of spermogonia. The investi- 
gations of I. H. Crowell and J. D. MacLachlan on Gymnosporangium 
diseases, begun four years ago, are finished. From the results obtained 
lists have been compiled showing the immunity or grade of suscepti- 
bility of hundreds of pomaceous and Juniperus species to the more 
important species of Gymnosporangium found in eastern North 
America. Moreover, a new means of practical control has been demon- 
strated that obviates the necessity of eradication of either host, the only 
method practised up to this time. Asa by-product of the research, about 
two thousand packets of culture materials have been added to the 
Arboretum’s herbarium—a unique contribution. Dr. MacLachlan 
will spend the year 1935-6 on a Sheldon fellowship in Jamaica, B. W. L., 
working in a cooperative undertaking between the Arboretum and the 
Jamaican government on a devastating new rust disease of Pimenta, a 
genus of the economically important family Myrtaceae. This calls to 
mind the fact that so far no work has been done by our laboratory of 
plant pathology at the Arboretum’s tropical branch in Cuba — almost 
certainly a fertile field. One of the most valuable results of the year’s 
program has been the demonstration of the role of mycorrhizae in Pinus 
as collectors of certain of the tree’s mineral requirements; thus an answer 
of far-reaching significance is afforded to long unanswered questions as 
to whether they are important and, if so, in what way. 

The fate of America’s elms, threatened as they are-by the Dutch elm 
disease, is now the most important tree problem on this side of the 
Atlantic. The Arboretum’s program in the campaign against the Dutch 
elm disease, as outlined in the report of 1933-4, has been continued 
vigorously. Distinct progress has also been made in our biological and 
control studies on a native wilt disease of elms the symptoms of which 
are almost the same as those of the Dutch elm disease. (See article by 
D. B. Creager in this number of the Journal of the Arnold Arboretum.) 
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An essential part of this work was done at our field laboratory on Long 
Island. That laboratory should be maintained for at least one more 
summer. Towards the end of 1934, when there was an alarming amount 
of wavering and pessimism over the possibility of successfully com- 
batting the Dutch elm disease in America, the Arboretum took a strong 
public stand in support of the policy of complete eradication. It is 
gratifying to know that federal and state efforts towards eradication 
during 1935 afford justification for our optimism. With more reason 
than ever, we again express the belief that our elms can be saved if public 
support be maintained. — J. H. F. 


Cytogenetic Laboratory.—The work on cytotaxonomic problems 
during the past year includes an analysis of Robinia by Dr. Whitaker, a 
cytological analysis of Verbena by Dr. Dermen, and a cytotaxonomic 
study of Tradescantia with the cooperation of Dr. Anderson. 

A comparison of chromosome structure and behavior in mitosis and 
meiosis seems to explain the mechanism of meiosis. Other work on 
chromosome structure has been continued, especially the spiral structure 
of the chromonemata in meiotic chromosomes in Tradescantia and Vicia. 
The mechanism of development and differentiation has been studied in 
relation to environmental factors. 

The breeding work has been continued with lilacs, roses, magnolias 
and azaleas. A plant breeding nursery has been established in which 
there are about a hundred first generation hybrids. A few of these 
hybrids flowered this year for the first time. — K. S. 


The Herbarium.—During the past fiscal year, 16896 specimens have 
been added to the herbarium bringing the total number up to 408699 
specimens. " 

Of these accessions about 3900 came from the United States and 
Canada, 4600 from Central and South America inclusive of Mexico, 
1150 from Europe and western Asia, 2350 from China, 390 from For- 
mosa, 1150 from India and Malaysia, 1800 from Australasia, and 530 
were cultivated plants. 

Among the more important collections received during the year may 
be mentioned: about 8000 specimens representing 1100 numbers from 
Mexico collected by C. H. and M. T. Mueller, 1350 numbers with many 
duplicates from Guatemala collected by A. F. Skutch, 290 specimens 
from Ecuador collected by H. J. F. Schimpff, 293 specimens from Peru 
collected by G. Klug, 1157 specimens from Brazil collected by A. B. 
Krukoff, 3100 specimens from Kwangtung and 701 specimens from 
Hainan received from Lingnan University, 2660 plants from western 
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China collected by J. F. Rock, 705 specimens from Hupeh collected by 
H. C. Chow and received from Wu-han University, 1296 specimens 
from Borneo collected by J. and M. S. Clemens, 1476 specimens from 
Sumatra collected by Rahmat Si Torroes, 215 specimens from Hawaii 
and 124 specimens from Samoa received from the Bishop Museum in 
Honolulu; 140 specimens from South Africa collected by Ecklon and 
Zeyher. 

To the fruit collection, 395 specimens were added, bringing the total 
number up to 8379. 

Additions to the wood collections consisted of 155 numbers, bringing 
the total up to 3786. 

The collection of negatives of types and critical specimens, chiefly 
Chinese, amounts now to 3012 negatives, 268 having been added during 
the year. 

For study outside of the Arboretum herbarium, 847 specimens were 
sent out on loan to 14 institutions and individuals in this country and in 
Europe. 

The distribution of duplicates amounted to 19059 specimens sent to 
44 institutions in the United States, Canada, Europe, Asia, Australasia 
and Africa. 

Botanical exploration by members of the staff and by expeditions 
wholly or partly financed by the Arnold Arboretum, has been carried on 
in America, eastern Asia and Africa. During the summer of 1934, Dr. 
H. M. Raup continued the study of the flora of the Harvard forest and 
its neighborhood started the year before, and collected herbarium 
material. Mr. C. H. Mueller and Mrs. Mary T. Mueller returned in 
August, 1934, from their collecting tour to Mexico referred to already in 
last year’s report. They collected chiefly in the Sierra Madre Oriental, 
Department of Nuevo Leon, and brought back about 8000 specimens, 
representing 1100 numbers. The collection is being identified chiefly 
at this institution and the Gray Herbarium, and already a number of 
new species has been described from this collection. About the middle 
of June, 1935, Mr. Mueller started on another collecting tour to the 
same locality. Mr. A. F. Skutch collected from July, 1934 to January, 
1935, for the Arnold Arboretum in southwestern Guatemala in the De- 
partments of Huehuetenango, Quezaltenango and Quiché; he collected 
about 1350 numbers with many duplicates, also wood specimens. His 
collection is being determined chiefly at the Gray Herbarium and the 
Arnold Arboretum. - 

In China, two institutions received financial support from the Arnold 
Arboretum in 1934 for carrying on botanical exploration. The Fan 
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Memorial Institute of Biology under the direction of Professor H. H. Hu 
sent an expedition to Yunnan to collect chiefly near the border of 
Cochinchina, and another to Szechuan which penetrated into the in- 
terior Lololand not yet visited by any botanical collector. From Ling- 
nan University expeditions have been sent under the direction of Dr. 
Franklin P. Metcalf to the provinces of Kwangsi and southern Kiangsi. 

Mr. M. Dinklage who had made before important collections in 
tropical west Africa for the Berlin Botanical Museum, went to Liberia 
in 1934 to collect in the hinterland of Monrovia for the Arnold Arbore- 
tum. As the rainy season prevented his starting soon after his arrival 
for the Nimba mountains, his final goal, he collected first in the neigh- 
borhood of Monrovia and toward the end of the year he started for the 
Nimba mountains which, however, he was destined not to reach. He 
was taken sick on the way and died of dysentery on February 2, at the 
Ganta Mission Station. — A. R. 


The Library.—At the end of June 1935 the Library comprised 42,025 
bound volumes, 10,917 pamphlets, and 17,573 photographs, a gain of 
579 volumes, 432 pamphlets and 332 photographs. Many pamphlets 
and a few books have been received as gifts, including ‘““Arbejder fra den 
Botaniske Have i Kgbenhavn,” Russian works, and miscellaneous 
articles. Important articles from periodicals and other works have been 
analyzed, and notice of all available obituaries of botanists have been 
filed in the author catalogue. 

There has been an increase over last year in the number of photo- 
graphs received, the largest accessions comprising those taken by Dr. 
Edgar Anderson during his trip to the Balkans, Mr. E. J. Palmer’s taken 
on collecting trips in the western and southwestern United States, Prof. 
J. G. Jack’s taken in Japan and Mrs. Susan D. McKelvey’s in Jamaica. 

The use of the collection has been extensive. Many photographs have 
~ been sold, including 700 taken by the late Dr. E. H. Wilson on his ex- 
pedition to eastern Asia, 1917-18, purchased by Jardin Botanique de 
VEtat, Bruxelles. Sixty-three lantern slides have been added, the 
majority of them being colored. 

Cards filed during the year include 1,766 in the card catalogue of 
books in the Library, 336 in the catalogue of photographs, 4,617 in the 
“Card-index of New Genera, Species, and Varieties Published by the 
Gray Herbarium,” and 5,625 in the manuscript “Index of Illustrations 
and of New Genera, Species and Varieties of Ligneous Plants Published 
Since 1915,” prepared at the Arboretum, bringing the total of the latter 
to 106,675. For supplements to the author and subject “Catalogue of 
the Library” 2,589 slips have been filed. The subject slips now ready 
for publication number approximately 20,000. 
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Volumes bound number 229 and more than 100 smaller books and 
pamphlets were put into pamphlet binders. Clipping files and scrap- 
books preserve much interesting material. 

Approximately 225 visitors registered in the Library during the year. 
These include Ynes Mexia, University of California, Berkeley; Rev. and 
Dr. M. H. Rioch, India; J. J. Wilder, Honolulu; E. Percy Phillips, 
National Herbarium, Pretoria; Jan T. Byhouwer, Velsen, Holland; 
Chi-yian Chiao, University of Nanking; E. Lowell Kammerer, Morton 
Arboretum, Lisle, Illinois; Alfred Gundersen, Brooklyn Botanic Gar- 
den; Clara W. Fritz, Ottawa; Z. H. Hellwig, Warsaw; H. B. Haddow, 
Toronto; G. Weidman Groff, Lingnan University, Canton, China; T. 
Yamamoto, Taihoku Imperial University, Formosa; David D. Keck, 
Carnegie Institution Laboratory, Stanford University, California; 
G. E. Gates, Judson College, Rangoon, Burma; A. S. Thurston, Uni- 
versity of Maryland, College Park; E. D. Merrill, New York Botanical 
Garden; Donald Wyman, Cornell University, Ithaca, N. Y.; Isabella 
Preston, Ottawa, and librarians attending the Convention of the Special 
Libraries Association held in Boston early in June. Dr. L. M. Ames of 
the U. S. Bureau of entomology and plant quarantine has spent more 
than a year studying Berberis and Mahonia. 

The publications of the Arboretum, the “Journal of the Arnold Arbo- 
retum” and the “Arnold Arboretum Bulletin of Popular Information 
were issued regularly. “Contributions from the Arnold Arboretum of 
Harvard University,” numbers vii and viii, and “Through the Arnold 
Arboretum” were published during the year. Of approximately 487 
periodicals and reports currently received from all parts of the world, 
220 are received in exchange for our “Journal” and “Bulletin” and 10 
in exchange for our “Contributions.” The subscription to 20 periodi- 
cals was cancelled with a saving of about seventy dollars. Reprints from 
the “Journal” were also sent out as a medium of exchange. 


The following new periodicals have been received, a large number in 
exchange for our publications, some by gift and some by purchase. They 
are as follows: ay 
ACADEMY OF NATURAL SCIENCES OF PHILADELPHIA. Proceedings. 
Vol. Ixxxii — 1930 — Philadelphia. 1931 —> 

ACADEMY OF NATURAL SCIENCES OF PHILADELPHIA. Year book. 
1930 — Philadelphia. 1931 > 

AustRALia — Council for scientific and industrial research. Journal. 
Vol. viii, no. 1 — Melbourne. 1935 — 

BLACK ROCK ForEST. Papers. Vol. i, no. 1 — April 1935 — Cornwall- 

on-the-Hudson. 1935 — 
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BiuMEA. Vol. i, no. 1 — August 25, 1934 — Leiden. 1934 > 

BoTANICAL review, interpreting botanical progress. Vol. i, no. 1 > 
January 1935 — Lancaster, Pa. 1935 > 

CurRonica botanica. Vol. i— Leiden. 1935 => 

Institut J. B. CARNoy, Louvain. Travaux biologiques. No. 1 > 
January 11, 1929 — Lierre; Louvain. 1929 > 

INSTITUTUL DE CERCETARI SI EXPERIMENTATIE FORESTIERA. Analele. 
Ser. 1. Anul i, nr. 1 — Bucaresti. 1934 — 

Japan — Imperial forestry experiment station. Bulletin. No. 31 > 
November 1931 — Tokyo. 1931 — 

JouRNAL of South African botany. Vol. i, pt. 1 — January 1935 — 
Kirstenbosch. 1935 — 

LEXINGTON BOTANIC GARDEN. Lexington leaflets. Vol. i, no. 1 > 
April 11, 1931 — Lexington, Mass. 1931 > 

Lisson — Instituto botdnico de faculdade de ciéncias. Trabalhos. 
i. 1925-32. Lisbéa. 1932? 

Nas vrt; revija hortikulturnog drustva. God. i, svezak 1-4, 7 > 
Zagreb. 1934 > 

NEw ZEALAND journal of science and technology. Vol. xi, no. 5 > 
Wellington. 1930— 

PLANT science literature. Vol. i, no. 1 — Dec. 31, 1934 — Jan. 5, 
1935 — Washington. 1935 > 

REGENSBURG, Germany — Koniglich-baierische botanische gesell- 
schaft. Schriften. Bd.i. Regensburg. 1792. 

REvIsTA sudamericana de botanica. Vol. i, no. 1 — February 1934 > 
Montevideo. 1934 — 

RocznikKa nauk ogrodniczych. (Annales des sciences horticoles.) 
Tom. i > Warszawa. 1934 > 

ROSENJAHRBUCH. (Verein Deutscher rosenfreunde.) Berlin. 
1934 > 

SovETSKIE subtropiki. No. 1-2. July-August 1929 — Sukhum. 
1929 > 

THARANDT — Forstliche hochschule — Institut fiir auslindische und 
koloniale forstwirtschaft. Mitteilungen. Nr. 1 — Dresden; 
Tharandt. 1932 — 

ZEITSCHRIFT fiir weltforstwirtschaft. Bd. iyheft. 1 — Okt. 1933 ~ 
Neudamm; Berlin. 1933 — 


Among other important accessions are: 
AMERICAN GEOGRAPHICAL SOCIETY. New England’s prospect. New 
York. 1933. 
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AucusTIN, Samuel. Prolegomena in systema sexuale botanicorum. 
Viennae. 1777. . 

BRITISH MUSEUM, London. A catalogue of the works of Linnzus, 
and publications more immediately relating thereto, preserved in the 
libraries of the British museum, Bloomsbury, and the British mu- 
seum, Natural history, South Kensington. 2ded. London. 1933. 

BRITISH MUSEUM, London — Natural history. Catalogue of the 
books, manuscripts, maps and drawings in the museum. Vol. vii. 
Supplement J—O. London. 1933. 

Bussey, Benjamin. Will of Benjamin Bussey (with four “codicils,” 
1835-41). 

DEGENER, Otto. Flora hawaiiensis. [Book i. Honolulu. 1932.] 

DioscoripEs, Pedanios. The Greek herbal of Dioscorides. Illus- 
trated by a Byzantine, 512. Englished by John Goodyer, 1655. 
Edited and first printed, 1933, by R. T. Gunther. Oxford. 1934. 

Domin, Karel. The beech forests of Czechoslovakia. Bern; Berlin. 
1932. 

FEstscuriFt Cornelius Osten. Montevideo. 1933.. 

GorBEL, Karl. Organographie der pflanzen insbesondere der arche- 
goniaten und samenpflanzen. 3°, umgearbeitete aufl. Teil i-iii. 
Jena. 1928-33.— Erganzungsband. [i, ii.] Jena. 1924-31. 

INTERNATIONAL BOTANICAL CONGRESS, 5th, Cambridge, 1930. Inter- 
national rules of botanical nomenclature adopted by the Inter- 
national botanical congresses of Vienna, 1905, Brussels, 1910. 
Revised by the International botanical congress of Cambridge, 
1930. Compiled by the Editorial committee for nomenclature from 
the Report of the subsection of nomenclature prepared by John 
Briquet. 3° ausgabe. Jena. 1935. 

Le Conte, John B. Observations on the genera Viola, Utricularia 
and Gratiola. A reprint from the Annals of the Lyceum of New 
York (1824-1826), to which are appended photographs of the 
hitherto unpublished plates of the author, destined to illustrate 
these works. Edited by J. A. Nieuwland. Notre Dame. 1917. 

MarieE-VictTorin, frére. Flore laurentienne. Montréal. 1935. 

PARSONS & SONS, co. Descriptive catalogue of hardy ornamental, 
flowering shrubs and vines; including rhododendrons, roses, mag- 
nolias, Chinese and Ghent azaleas, camellias, Japanese maples and 
other rare and choice plants [in Kissena nurseries]. Flushing, L. I., 
[1887?] 

RAFINESQUE, Constantine Samuel. Monographie des coquilles bi- 
valves et fluviatiles de la riviére Ohio contenant douze genres et 
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soixante-huit espéces. [Avec] Remarques sur les rapports naturels 
des genres Viscum, Samolus et Viburnum. Bruxelles. [1820.] 

Sowersy, Arthur de Carle. The naturalist in Manchuria. 5 vol. 
Tientsin. 1922-30. 


Books were sent out as inter-library loans to Field Museum of Natural 
History, Library of the United States Department of Agriculture, Smith- 
sonian Institution, McGill University, United Fruit Company, Massa- 
chusetts State College, Wellesley College, University of Pennsylvania, 
Dartmouth College, New York Horticultural Society, Massachusetts 
Institute of Technology, Tufts College Library, Boston Society of 
Natural History, Massachusetts Horticultural Society and Michigan 
State College, as well as to many departments of Harvard University. 

In addition to loans, photostats or typewritten copies of references 
have frequently been made when books could not be loaned. 

Books were borrowed for the use of the members of the staff and stu- 
dents from the Boston Public Library, Massachusetts Horticultural 
Society, Library of the United States Department of Agriculture and 
from the University libraries. 

A list of the forestry periodicals and reports prepared by the United 
States Forest Service was checked for our holdings, and additional 
material was prepared for inclusion in a supplement to “Index Lon- 
dinensis.” 

At the invitation of the Committee on Binding Advertisements in 
Periodicals the Library has agreed to cooperate with some thirty-four 
other libraries to bind 12 of its periodicals entire, all advertisements 
included. 

In the early spring Miss Margaret Hayes, under the direction of Mr. 
J. F. Ballard of the Boston Medical Library, spent more than two months 
in the Library indexing books and periodicals for a union list of the more 
’ important works to be found in special libraries in Boston. 

The Librarian attended the Convention of the American Library Asso- 
ciation in Denver from June 24—29, where she visited the public and 
university libraries. — E. M. T. 


Bibliography of the published writings of the staff and students 
July 1, 1934—June 30, 1935 — 


AmMEs, Oakes. 
An addition to the genus Vanilla. (In Harvard university, Botanical 
museum leaflets, 1934, ii, 101-103.) 
A contribution to our knowledge of the orchids of Spanish Honduras. 
Pt. ii. (In Harvard university, Botanical museum leaflets, 1934, 
iii, 17-36.) 
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Critical notes on Costa Rican orchids. By Oakes Ames, F, T. Hub- 
bard and Charles Schweinfurth. (In Harvard university, Botani- 
cal museum leaflets, 1934, iii, 37-42.) 

Epidendrum cystosum, a new species from the republic of Honduras, 
i ae. university, Botanical museum leaflets, 1934, ii, 105- 

A nomenclatorial note [Epidendrum neoporpax]. (In Harvard uni- 
versity, Botanical museum leaflets, 1934, ii, 112.) 

Notes on Mexican epidendrums based largely on the Erik M. Ostlung 
collection. By Oakes Ames, F. T. Hubbard and Charles Schwein- 
ai Pa Harvard university, Botanical museum leaflets, 1934, 
ili, 1-16.) 

Outline of lecture on economic botany given in Biology 115, formerly 
Botany 15, Nov. 1934. Material prepared in 1930. Broadside. 

Studies in Stelis. iii-iv. (In Harvard university, Botanical museum 
leaflets, 1934-35, iii, 45-59, 134-135.) 

A four polymorphic alliance in Epidendrum. By Oakes Ames, F. T. 
Hubbard and Charles Schweinfurth. (In Harvard university, 
Botanical museum leaflets, 1935, iii, 93-110.) 

Nomenclatorial studies in Malaxis and Spiranthes. By Oakes Ames 
and Charles Schweinfurth. (In Harvard university, Botanical 
museum leaflets, 1935, iii, 113-133.) 

Studies in Epidendrum. By Oakes Ames, F. T. Hubbard and Charles 
Schweinfurth. (In Harvard university, Botanical museum leaflets, 
1935, iii, 61-76.) 

ANDERSON, Edgar. 

Rhododendrons. (In Arnold arboretum bulletin of popular informa- 
tion, 1934, ii, 21-24.) 

Chromosome numbers in the Hamamelidaceae and their phylogenetic 
significance. By Edgar Anderson and Karl Sax. (In Journal of 
the Arnold arboretum, 1935, xvi, 210-215.) 

An endemic Sophora from Rumania. (In Journal of the Arnold 
arboretum, 1935, xvi, 76-80.) 

The flowering quinces. (In Arnold arboretum bulletin of popular 
information, 1935, iii, 9-12.) 

Gametic elimination in crosses between self-sterile species. (In 
American naturalist, 1935, Ixix, 282-283.) 

Nature’s bags of scent. (In Herbarist, 1935, pp. 5-6.) 

[Plants of current interest.] (In Arnold arboretum bulletin of popu- 
lar information, 1935, iii, 5-8, 13-16.) 

Science as a storehouse. (In Horticulture, 1935, xiii, 124.) 

Uvularia perfoliata in Vouisiana. By E. J. Palmer and Edgar Ander- 
son. (In Rhodora, 1935, xxxvii, 58-59.) 

A visit to the home of the lilac. (In Arnold arboretum bulletin of 
popular information, 1935, iii, 1-4.) 

Battey, Irving Widmer. 

The cambium and its derivative tissues. ix. Structural variability in 
the redwood, Sequoia sempervirens, and its significance in the identi- 
fication of fossil woods. By I. W. Bailey and Anna F. Faull. (In 
Journal of the Arnold arboretum, 1934, xv, 233-254.) 

The cambium and its derivative tissues. x. Structure, optical prop- 
erties and chemical composition of the so-called middle lamella. By 
Thomas Kerr and I. W. Bailey. (In Journal of the Arnold arbore- 
tum, 1934, xv, 327-349.) 
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CrowELL, Ivan H. 

Compilation of reports on the relative susceptibility of orchard vari- 
eties of apples to the cedar-apple rust disease. (In Proceedings of 
oe Tek society for horticultural science, 1934, xxxii, 261- 
272. 

The hosts, life history and control of the cedar-apple rust fungus 
Gymnosporangium juniperi-virginianae Schw. (In Journal of the 
Arnold arboretum, 1934, xv, 163-232.) 

Exur.icy, John. 

A nectria disease of the beech following Cryptococcus fagi. pp. 104. 
(In Contributions from the Arnold arboretum of Harvard uni- 
versity, 1934, vii.) 

FauL., Anna Forward. ' 

The cambium and its derivative tissues. ix. Structural variability in 
the redwood, Sequoia sempervirens, and its significance in the identi- 
fication of fossil woods. By I. W. Bailey and Anna F. Faull. (In 
Journal of the Arnold arboretum, 1934, xv, 233-254.) 

Elaioplasts in Iris. (In Journal of the Arnold arboretum, 1935, xvi, 
225-267.) 

FAULL, Joseph Horace. 

Arthur Bliss Seymour (1859-1933). (In Proceedings of the Ameri- 
can academy of arts and sciences, 1934, |xix, 543-544.) 

Winter hardiness of trees and shrubs growing in the Arnold arbore- 
tum. By J. H. Faull, J. G. Jack, W. H. Judd and L. V. Schmitt. 
(In Arnold arboretum bulletin of popular information, 1934, ii, 29- 
47, 53-60.) 

Can we eradicate the Dutch elm disease? Boston. 1935. pp. 4. 

Hatcu, Alden Bruce. 

A culture chamber for the study of mycorrhizae. (In Journal of the 
Arnold arboretum, 1934, xv, 358-365.) 

A jet-black mycelium forming ecto-trophic mycorrhizae. (In Svensk 
botanisk tidskrift, 1934, xxviii, 369-383.) 

Hunter, Lilian M. 

A preliminary note on life history studies of European species of 

Milesia. (In Journal of the Arnold arboretum, 1935, xvi, 143.) 
Jack, John George. iS 

Conifers after a severe winter. (In Arnold arboretum bulletin of 
popular information, 1934, ii, 53-60.) 

Plants of current interest. (In Arnold arboretum bulletin of popular 
information, 1934, ii, 48.) 

Winter hardiness of trees and shrubs growing in the Arnold arbore- 
tum. By J. H. Faull, J. G. Jack, W. H. Judd and L. V. Schmitt. 
(In Arnold arboretum bulletin of popular information, 1934, ii, 
29-47, 53-60.) 

Winter injuries among trees and shrubs. (In Scientific monthly, 
1935, xl, 332-338.) .- 

Jounston, Ivan Murray. 

Boraginaceae. (Jn Munz, P. A. A manual of southern California 
botany, 1935, pp. 417-436.) 

Studies in Boraginaceae. x. The Boraginaceae of northeastern South 
America. (In Journal of the Arnold arboretum, 1935, xvi, 1-64.) 

Studies in Boraginaceae. xi. The species of Tournefortia and 
Messerschmidia in the Old World. Notes on Brand’s treatment of 
Cryptantha. New or otherwise noteworthy species. (In Journal 
of the Arnold arboretum, 1935, xvi, 145-205.) 
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Jupp, William Henry. 

The association of Kew gardeners in America; the annual dinner, 
1934 (In Journal of the Kew guild, 1934, v, 369-370.) 

Emil T. Mische. (In Journal of the Kew guild, 1934, v. 372-373.) 

[Notes on trip to the Pacific coast, 1933.] (In Journal of the Kew 
guild, 1934, v, 334-335.) 

Winter hardiness of trees and shrubs eres in the Arnold arbore- 
tum. By J. H. Faull, J. G. Jack, W. H. Judd and L. V. Schmitt. 
(In Arnold arboretum bulletin of popular information, 1934, ii, 
29-47, 53-60.) 

The association of Kew gardeners in America; the annual dinner, 
1935. (In Journal of the Kew guild, 1935, v, 439.) 

Making horticultural records. (In, Horticulture, 1935, xiii, 166.) 

Kerr, Thomas. 
Action of hydrofluoric acid in softening wood. (In Tropical woods, 
1934, no. 40, pp. 37-42.) 

The cambium and its derivative tissues. x. Structure, optical prop- 
erties and chemical composition of the so-called middle lamella. By 
Thomas Kerr and I. W. Bailey. (In Journal of the Arnold arbore- 
tum, 1934, xv, 327-349.) 

McKeEtvey, Mrs. Susan Delano. 

Arctomecon californicum. (In National horticultural magazine, 1934, 
xiii, 349-350.) 

A verification of the occurrence of Yucca Whipplei in Arizona. (In 
Journal of the Arnold arboretum, 1934, xv, 350-352.) 

Notes on Yucca. (In Journal of the Arnold arboretum, 1935, xvi, 
268-271.) 

MacLacuian, John Douglas. 

The hosts of Gymnosporangium globosum Farl., and their relative 
susceptibility. (In Journal of the Arnold arboretum, 1935, xvi, 
98-142.) 

PALMER, Ernest Jesse. 

Adventures in fern collecting. (In American fern journal, 1934, xxiv, 
104-109.) 

Game foods in the Arnold arboretum. By N. W. Hosley and E. J. 
Palmer. (In Arnold arboretum bulletin of popular information, 
1934, ii, 49-52.) 

Indian relics in the Arnold arboretum. (In Arnold arboretum bulletin 
of popular information, 1934, ii, 61-68.) 

Trees of the southeastern states. (In Journal of the Arnold arboretum, 
1934, xv, 266.) 

Supplement to the spontaneous flora of the Arnold arboretum. (In 
Journal of the Arnold arboretum, 1935, xvi, 81-97.) 

Uvularia perfoliata in Louisiana. By E. J. Palmer | and Edgar Ander- 
son. (In Rhodora, 1935, xxxvii, 58-59.) 

Reuope_r, Alfred. 

Amendments to the international rules of nomenclature, ed. 3. Pro- 
posed. Jamaica Plain. 1934. ' 

Die blutbuche. (In Mitteilungen der Deutschen dendrologischen 
gesellschaft, 1934, xlv, 394.) 

Notes on the ligneous plants described by Léveillé from eastern Asia. 
(In Journal of the Arnold arboretum, 1934, xv, 267-326.) 

Corrections and emendations of Rehder’s “Manual of cultivated trees 
and shrubs.” Jamaica Plain. 1935. pp. 19. 
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Handeliodendron, a new genus of Sapindaceae. (In Journal of the 

Arnold arboretum, 1935, xvi, 65-67.) 
Sax, Karl. 

Chromosomes of cycadales. By Karl Sax and J. M. Beal. (In Jour- 
nal of the Arnold arboretum, 1934, xv, 255-258.) 

Cytology for students. [Review of “Introduction to cytology,” by 
L. W. Sharp.] (In Science, 1934, xxx, 407.) 

Structure of meiotic chromosomes in microsporogenesis of Trades- 
cantia. By Karl Sax and L. M. Humphrey. (In Botanical gazette, 
1934, xcvi, 353-362.) 

Chromosome numbers in the Hamamelidaceae and their phylogenetic 
significance. By Edgar Anderson and Karl Sax. (In Journal of 
the Arnold arboretum, 1935, xvi, 210-215.) 

Chromosome structure in the meiotic chromosomes of Rhoeo discolor 
Hance. (In Journal of the Arnold arboretum, 1935, xvi, 216-224.) 

The cytological analysis of species-hybrids. (In Botanical review, 
1935, i, 100-117.) 

Variation in chiasma frequencies in Secale, Vicia and Tradescantia. 
(In Cytologia, 1935, vi, 289-293.) 

Scumitt, Louis Victor. 

Winter hardiness of trees and shrubs growing in the Arnold arbore- 
tum. By J. H. Faull, J. G. Jack, W. H. Judd and L. V. Schmitt. 
(In Arnold arboretum bulletin of popular information, 1934, ii, 
29-47, 53-60.) 

WHITAKER, Thomas Wallace. 

An improved technic for the examination of chromosomes in root tip 
smears. (In Stain technology, 1934, ix, 107-108.) 

A karyo-systematic study of Robinia. (In Journal of the Arnold arbo- 
retum, 1934, xv, 353-357.) 

The shrubby robinias. (In Arnold arboretum bulletin of popular 
information, 1934, ii, 25-28.) 


The above articles cover a total of about 1037 pages. — E. M. T. 
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Staff of the Arnold Arboretum, 1934-35 
Oaxes Ames, A.M., Arnold Professor of Botany, Supervisor. 
JoHN GEoRGE JACK, Assistant Professor of Dendrology. 


ALFRED REHDER, A.M., Associate Professor of Dendrology and Curator 
of the Herbarium. 


JosEepH H. Fautt, Ph.D., Professor of Forest Pathology. 
Irvinc Wipmer Bal ey, S.D., Professor of Plant Anatomy. 
Kart Sax, Ph.D., Associate Professor of Cytology. 

Epcar ANDERSON, S.D., Arborist. 

IvAN Murray JOHNSTON, Ph.D., Research Associate. 
CLARENCE E. Kosuskt, Ph.D., Assistant Curator, Herbarium. 
Hucu M. Raup, Ph.D., Research Associate. 

ETHELYN Marta Tucker, Librarian. 

ErnEsT J. PALMER, Collector and Research Assistant. 
Susan DELANO McKE vey, Research Assistant. 

CaRoLIneE K. ALLEN, Ph.D., Assistant in the Herbarium. 
ETHEL ANTOINETTE ANDERSON, Business Secretary. 

Louis Victor ScHMITT, Superintendent. 


Witi1Am Henry Jupp, Propagator. 
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ERRATA 
Page 36, line 12 from below for (C. macrostachia) read (V. macro- 
stachia). 
“42, line 3 for 5-10 cm. read 5-10 mm, 
“46, line 16 from below for east-northeast read east-northwest. 


“« 58, line 10 for style sessile read stigma sessile. 

“ 94, line 3 for Ampelopsis humulifolia Bunge read A mpelopsis 
brevipedunculata (Dipp.) Koehne var. Maximowiczii Rehd. 

“186, line 15 from below for Heliotropium transandinum var. 
tiaridioides read Heliotropium transalpinum var. tiaridi- 
oides, 


~~ 


INDEX 


Synonyms are printed in italics; new names in bold-face type 


Abelia Bodinieri, 334 

— Cavaleriei, 335 

— deutziaefolia, 334 

— Mairei, 334 

— myrtilloides, 334 

— parvifolia, 334 

— Schumannii, 334 

— verticillata, 334 

Adina racemosa, 319 

Aeschynanthus Dunnii, 315 

Agrostis canina, 88 

Akebia pentaphylla, 358 

— quinata xX trifoliata, 358 

—trifoliata pentaphylla, 358 

Allium canadense, 90 

Allocarya alternifolia, 193 

— calycosa, 193 

— corallicarpa, 193 

— divaricata, 192 

— figurata, 193 

— hirta, 193 

— media, 192 

— Scouleri hirta, 193 

Alomia tenuifolia, 445 

Amelanchier § Malacomeles, 449 

— § Nagelia, 449 

— paniculata, 449 

— stolonifera, 92 

Amorpha fruticosa, 93 

Ampelopsis brevipedunculata Maximo- 
wiczii, 470 

_ Amsinckia angustifolia, 203 

— Douglasiana, 197, 202, 203 

— intermedia, 197, 203 

— Lemmonii, 202 

— lycopsoides, 199 

— nigricans, 198 

— parviflora, 203 

— Scouleri, 202 

— spectabilis, 198 

Amylotheca sp., 206 

An endemic Sophora from Rumania, 76 
pl. 123, 124, fig. 


Anchusa Sellowiana, 194 

ANDERSON, Epcar, An endemic Sophora 
from Rumania, 76, pl. 123, 124, fig. 

— and Renner, ALFRED, New hybrids 
from the Arnold Arboretum, 358 

— and Sax, Kart, Chromosome num- 
bers in the Hamamelidaceae and their 
phylogenetic significance, 210, figs. 

Anemone quinquefolia, 92 

Antennaria canadensis, 96 

— neglecta, 96 

— plantaginifolia, 96 

Antirhea bifida, 166 

— frangulacea, 166 

Apios americana, 93 

— tuberosa, 93 

Aquilegia vulgaris, 92 

Aralia hispida, 94 

Arctostaphylos novoleontis, 450 

Argusia, 161 

Arguzia, 161 

— cimmerica, 164 

— Messerschmidia, 164 

— repens, 164 

— rosmarinifolia, 164 

Aristida dichotoma, 88 

— gracilis, 88 

Aristolochia Clematitis, 91 

— Kaempferi, 91 

Arnold Arboretum, Bibliography of the 
published writings of the staff and 
students of the, 1934-1935, 455 

Arnold Arboretum during the fiscal year 
ended June 30, 1935, The, 455 

Arnold Arboretum Expedition, 1930- 
1932, Loranthaceae collected. in the 
Solomon Islands by L. J. Brass and 
S. F. Kajewski, on the, 206, pl. 129 

Arnold Arboretum, New hybrids from 
the, 358 

Arnold Arboretum, 1934-35, Staff of 
the, 469 

Aronia arbutifolia, 92 
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Aster acuminatus, 96 

— linariifolius leucactis, 96 

— multiflorus, 96 

Atriplex Chapinii, 443 

Avicennia marina, 70 

— — resinifera, 70 

Battey, I. W. and Kerr, THomas, The 
visible structure of the secondary wall 
and its significance in physical and 
chemical investigations of tracheary 
cells and fibers, 273, pl. 140-149 

BAKHUIZEN VAN DEN Brink, R. C., 
Notes on some of the Ebenaceae and 
Verbenaceae of the Solomon Islands 
collected on the Arnold Arboretum 
Expedition, 1930-1932, 68, pl. 120-122 

Benthamia lycopsoides, 200 

Benzoin aestivale, 92 

Berberis Thunbergii, 92 

Boltonia asteroides, 96 

Boraginaceae, X, Studies in; The 
Boraginaceae of northeastern South 
America, 1 

Boraginaceae, XI, Studies in the, 145 

Borellia asper, 11 

Brandisia racemosa, 315 

Brass and S. F. Kayewsx1, Lorantha- 
ceae collected in the Solomon Islands 
by L. J....0on the Arnold Arboretum 
Expedition, 1930-1932, 206, pl. 129 

Buchenavia capitata, 45 

Buddleia plectranthoidea, 311 

Callicarpa pedunculata, 70 

— pentandra furfuracea, 70 

— — genuina, 70 

_ Callitriche heterophylla, 93 

— palustris, 93 

Canthium Cavaleriei, 324 

— Dunnianum, 323 

— Henryi, 328 

— Labordei, 323 

Carex angustior, 89 

— brevior, 90 

— canescens disjuncta, 89 

— caryophyllea, 89 

— communis, 89 

— Crawfordii, 89 

— crinita gynandra, 90 

— Goodenowii, 89 
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Carex laxiflora gracillima, 89 

— — leptonervia, 89 

— longirostris, 90 

— lupulina, 90 

— panicea, 89 

— pennsylvanica lucorum, 89 

— stellulata angustata, 89 

— Straminea, 89 

— tenera, 89 

— varia, 89 

Carya mexicana polyneura, 448 

— ovalis, 91 

Caryopteris Esquirolii, 313 

— fluminis, 312 

Cavaleriella Dunniana, 333 

Celastrus orbiculatus, 94 

Cephalanthus Cavaleriei, 319 

— Navillei, 319 

Cephalosporium wilt of elms, New facts 
concerning, 453 

Cerdana alliodora, 8 

Chromosome numbers in the Hamameli- 
daceae and their phylogenetic signifi- 
cance, 210, figs. 

Chromosome structure and behavior in 
mitosis and meiosis, 423, pl. 161-164 
Chromosome structure in the meiotic 

chromosomes of Rhoeo _ discolor 
Hance, 216, pl. 130, 131 
Chrysanthemum segetum, 96 
Clematis paniculata, 92 
Clerodendron amicorum, 71 
— Buchanani, 70 
— confusum, 70 
— inerme, 71 
Coldenia conspicua, 183 
— decumbens, 185 
— Nuttallii, 185 
Colquhounia elegans pauciflora, 312 
— Seguini, 311 
Colutea media, 93 
Conyza scorpioides, 185 
Cordia, 3 
— aberrans, 173 
— alliodora, 8 
— amplifolia, 174 
— Anderssoni, 175 
— Aubletii, 41 
— axillaris gymnocarpa, 179 
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Cordia bahiensis, 43 
— bicolor, 23 

— bifurcata, 34 

— Braceliniae, 177 
— calophylla, 18 
— campestris, 178 
— carnosa, 23 

— cordifolia, 11 

— coriacea, 23, 27 
— corymbosa, 34 
— curassavica, 45 
— dichotoma, 23 
— echitioides, 44 
— exaltata, 29 


—— melanoneura, 30 


— fallax, 10 

— flavescens, 44 

— formicarum, 13 
— fulva, 20 

— galapagensis, 176 
— grandiflora, 32 
— graveolens, 36 

— guazumaefolia, 179 
— guianensis, 10, 36 
— gujanensis, 36 

— Haenkeana, 179 
— hebecarpa, 21 

— heterophylla, 21 
— hirsuta, 13 

— hirta, 29 

— hispidissima, 13 
— Hookerianum, 174 
— ierensis, 25 

— insignis, 179 

— interrupta, 36 

— laevifrons, 16 
— laevior, 180 

— leucophlyctis, 176 
— linearis, 174 

— Lockartii, 23 

— lucida, 39 

— lutea, 44 

— macrostachya, 36 
— martinicensis, 45 
— melanoneura, 30 
— Meziana, 174 

— miranda, 13 

— monosperma, 34 
— mucronata, 30, 173 


INDEX 


“Cordia multispicata, 43 


— muneco, 11 

— Myxa, 45 

— naidophila, 32 
— Neowediana, 177 
— Neowidiana, 177 
— nervosa, 18 

— nodosa, 13 

— — angustifolia, 14 
— — hispidissima, 13 
— oxyphylla, 36 

— panicularis, 26 

— polycephala, 33 
— pubescens, 21 

— revoluta, 174 

— ripicola, 180 

— rufa, 32 

— Sagotii, 27 

— sarmentosa, 44 
— scabrida, 30 

— scabrifolia, 22 

— scandens, 44 

— Schomburgkii, 39 
— Scouleri, 175 

— sebestena, 9 

— sericicalyx, 25 

— — latifolia, 25 

— setigera, 176 

— speciosa, 9 

— Sprucei, 17 

— taguahyensis, 174 
— tetrandra, 11 

— tetraphylla, 44 
— tobagensis, 39 

— — Broadwayi, 39 
— tomentosa, 41 

— toqueve, 21 

— trichostyla, 23 

— ucayaliensis, 181 


— Ulei ucayaliensis, 181 


—wulmifolia,34 ~~ 
— umbraculifera, 11 
— umbrosa, 14 

— volubilis, 14 

— Weddellii, 173 
Cornus Esquirolii, 319 
— stolonifera, 94 
Corydalis bulbosa, 92 


Cotoneaster § Malacomeles, 449 
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Cotoneaster § Naegelia, 449 

Crataegus from Missouri, Two new 
species of, 353, figs. 

Crataegus Danielsii, 355, fig. 2 

— — glabra, 357 

— hannibalensis, 353, fig. 1 

— rotundifolia, 92 

Creacer, D. B., New facts concerning 
Cephalosporium wilt of elms, 453 

Crepis capillaris, 97 

Cristaria insularis, 445 

CrowELL, Ivan H., The hosts, life his- 
tory and control of Gymnosporangium 
clavipes C. and P., 367, pl. 155-160 

Cryptantha affinis, 171 

— albida, 172 

— alyssoides, 169 

— ambigua, 171, 172 

— — robustior, 172 

— aprica, 169, 170 

— barbigera, 171 

— Buchtienii, 169 

— campylotricha, 170 

— candelabrum, 170 

— Candolleana, 170 

— capituliflora compacta, 170 

— circumscissa, 195 

— clandestina, 195 

— Clevelandi, 171 

— — florosa, 172 

— confusa, 171 

— decipiens corollata, 172 

— diffusa, 170, 171 

— diplotricha, 170, 171, 172 

— echinella, 172 

-— fallax, 170 

— Famatinae, 171 

— Fendleri, 171, 172 

— flaccida, 171, 172 

— globulifera, 170, 171 

— glomerata, 170, 172 

— glomerata, 195 

— glomerulifera, 169 

— grandiflora anulata, 172 

— granulosa, 172 

— Hansenii, 173 

— — pulchella, 173 

— Hendersoni, 172 

— hispida, 172 
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Cryptantha hispidissima, 172 

— hispidula, 172 

— — Elmeri, 172 

— Hossei, 171 
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— scaberrima, 176 

— Scouleri, 175 

— spicata, 43 

— tomentosa, 41 

— ulmifolia, 34 

Vernonia scorpioides, 185 

Veronica peregrina, 95 

Viburnum ajugifolium, 331 

— barbigerum, 332” 

— bitchiuense < Carlesii, 360 

— Bodinieri, 332 

— botryoideum, 328 

— Cavaleriei, 329 

— Chaffanjoni, 330 

— congestum, 329 

— corylifolium, 332 

— crassifolium, 330 

— cylindricum crassifolium, 330 

— Dunnianum, 332 

— erosum punctatum, 333 

— — Taquetii, 333 

— erubescens, 328 

— foetidum, 331 
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Viburnum foetidum rectangulatum, 331 
— Juddii, 360 

— Mairei, 329 

— Martini, 329 

— oliganthum, 328 

— pinfaense, 330, 331 

— Schneiderianum, 331 
— sempervirens, 331 

— setigerum, 332 

— Stapfianum, 329 

— sympodiale, 329 

— Taquetii, 333 

— ternatum, 330 

— theiferum, 332 

— Touchanense, 331 

— trilobum, 95 

Viola fimbriatula X< papilionacea, 94 
— latiuscula, 94 

— odorata, 94 

— pedata lineariloba, 94 
— sagittata, 94 

— sororia, 94 


Visible structure of the secondary wall 
and its significance in physical and 
chemical investigations of tracheary 
cells and fibers. The, 273, pl. 140-149 

Vitex Aherniana, 74 

— cofassus, 74 

Webera Cavaleriei, 321 

— Henryi, 321 

— pallida, 321 

Wendlandia Cavaleriei, 318 

— Dunniana, 318 

— Feddei, 318 

— ligustrina, 317 

— longidens, 318 

— salicifolia, 317 

— uvariifolia Dunniana, 318 

Yucca, Notes on, 268, pl. 138, 139 

Yucca arizonica, 270 

— brevifolia, 270 

— brevifolia Jaegeriana, 269, pl. 139 

— puberula, 270 

— Thornberi, 268, pl. 138 

— Treleasei, 270 
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